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PLATE I 

THE RIGHT MEMBRANOUS LABYRINTH OF THE COMMON SQUIRREL 

Sciurus vulgaris 

X 6 

The organ is suspended from the superior canal and is viewed 
from below and in front. Pigment is seen in the ampullae and there 
is practically no perilymph space in the canals. The cochlea is of 
the sharp-pointed type, and there is a considerable bulging of the floor 
of the scala tympani in the region of the aqueduct of the cochlea. 



RODEiiTIA— continued 

THE MEMBRANOUS LABYRINTH OF THE COMMON SQUIRREL 

Sciurus vulgaris 

The labyrinth of the squirrel is in many respects similar to 
those of the other rodents, but is on the whole more delicate 
as regards the semicircular canals. The cochlea is of the 
sharp-pointed type, and the semicircular canals have no 
perilymph space except at the angles formed by the ampullae 
with the canals proper. 

The organ measures 7.5 mm. from the outermost point 
on the vertex of the posterior canal to the innermost point 
on the lowest whorl of the cochlea. The diameter of the 
lowest whorl of the cochlea is 3.25 mm., and that of the second 
2.25 mm. The diameter of the tube of the cochlea just in 
front of the round window is 1.75 mm., and the slant height of 
the organ from the upper margin of the round ^vindow to 
the apex is 2.75 mm. There are two and three-quarter 
turns in the cochlea ; and a considerable bulging of the floor 
of the scala tympani in the region of the aqueduct is visible.^ 

The vestibule measures 3.0 mm. in its longest diameter, 
and there are no otoliths of size sufficient to be recognised 

^ For the interesting phylogenetic significance of this bulging of the floor of the 
scala tympani, see p. io8. 






RODENTIA 5 

of the posterior ampulla, as is also frequently the case in the 
mammalia. 

Pigment is found in the labyrinth of the squirrel in the 
region of the ampullae. It is in the form of a crescentic 
patch, which partially surrounds the ampulla at the point 
at which the latter is becoming narrowed down to pass into 
the canal proper. This is, of course, the position in which 
pigment is most usually found in mammaUa, but in the case 
of the squirrel the patch has not quite the sharply defined 
outUne which it posseses in some animals, such as the baboon 
and the green monkey. No pigment is found in the vestibule, 
and in the cochlea there is very Httle, the labyrinth being in 
this respect unlike that of the jerboa. 

Literature. — Hyrtl, Inner, Gehor, d, Mensch, u, Sdugeth. S. 26, 65, &c., 
1865. 



PLATE I 

THE RIGHT MEMBRANOUS LABYRINTH OF THE COMMON SQUIRREL 

Sciurus vul^ris 

X 6 

The organ is suspended from the superior canal and is viewed 
from below and in front. Pigment is seen in the ampullae and there 
is practically no perilymph space in the canals. The cochlea is of 
the sharp-pointed type, and there is a considerable bulging of the floor 
of the scala tympani in the region of the aqueduct of the cochlea. 



RODENTIA 

THE MEMBRANOUS LABYRINTH OF THE CAPYBARA 

Hydrochoerus cafybara 

The labyrinth of the capybara is one of the most curious 
among those of the mammalia. This is for the most part 
owing to the shape of the cochlea, which is the most extreme 
example of the sharp-pointed type that has been found, 
and to the fact that the pigment in the vestibule is dis- 
tributed in a very pecuUar way. 

The whole organ measures 14.5 mm. from the outermost 
point on the vertex of the posterior canal to the innermost 
point on the lowest whorl of the cochlea. The cochlea has 
a diameter of 7.5 mm., while the second whorl has a diameter 
of 4.5 mm. The diameter of the tube of the cochlea just 
in front of the round window is 2.5 mm., and there is in 
this region a bulging of the floor of the scala tympani similar 
to that found in a more marked degree in many of the 
other mammalian orders. The aqueduct of the cochlea is a 
very fine tube, and breaks in the process of preparation. 
The stump of it may, however, be seen in the photograph, 
along with the vein which accompanies it out of the labyrinth. 
A fairly well-marked band of pigment is found along the 
outer wall of the tube of the cochlea, the amount of pigment 



PLATE II 

THE LEFT MEMBRANOUS LABYRINTH OF THE CAPYBARA 
Hydrochaerus capybara 

The organ is suspended by the superior canal and is viewed from 
the inner aspect. A rich deposit of pigment is present on the upper 
surface of the utricle, on the ampullae and along the common cms of 
the superior and posterior canals. Pigment is also seen in the region 
of the ligamentum spirale of the very sharp-pointed cochlea. A large 
vein is seen leaving the labyrinth in company with the narrow aque- 
duct of the cochlea. The perilymph space is fairly well marked in 
the canals. 



RODENTIA 

THE MEMBRANOUS LABYRINTH OF THE CAPYBARA 

Hydrochoerus cafybara 

The labyrinth of the capybara is one of the most curious 
among those of the mammaUa. This is for the most part 
owing to the shape of the cochlea, which is the most extreme 
example of the sharp-pointed type that has been found, 
and to the fact that the pigment in the vestibule is dis- 
tributed in a very peculiar way. 

The whole organ measures 14.5 mm. from the outermost 
point on the vertex of the posterior canal to the innermost 
point on the lowest whorl of the cochlea. The cochlea has 
a diameter of 7.5 mm., while the second whorl has a diameter 
of 4.5 mm. The diameter of the tube of the cochlea just 
in front of the round window is 2.5 mm., and there is in 
this region a bulging of the floor of the scala tympani similar 
to that found in a more marked degree in many of the 
other mammalian orders. The aqueduct of the cochlea is a 
very fine tube, and breaks in the process of preparation. 
The stump of it may, however, be seen in the photograph, 
along with the vein which accompanies it out of the labyrinth. 
A fairly well-marked band of pigment is found along the 
outer wall of the tube of the cochlea, the amount of pigment 
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diminishing with the ascent of the spiral until in the upper- 
most whorl it can hardly be seen. There are more than 
four and a quarter turns in the cochlea, this being the largest 
number which has been recorded in any animal, and the 
resulting sharp-pointed appearance of the organ is very 
characteristic. The slant height of the cochlea is 6.0 mm. 

The vestibule measures 5.0 mm. in its longest diameter, and 
contains no otoliths of a size suflftcient to be recognised by 
the naked eye. The oval window has a major axis of 2.0 mm., 
and is proportionately broader than that of the squirrel. 

The canals are relatively not so long as in the squirrel, 
but are much thicker. The superior and horizontal are 
of almost exactly the same dimensions, and the posterior 
is smaller than the other two. The superior canal measures 
5.5 mm. in internal, and 7.5 mm. in external diameter. The 
height of the vertex of the canal above the vestibule is 
4.75 mm., and the diameter of the canal itself at this point 
is rather less than i.o mm. The posterior canal measures 
4.75 mm. in internal, and 6.5 mm. in external diameter. 
The height of the vertex of the canal above the vestibule 
is 4.5 mm., and its diameter at the vertex is i.o mm. The 
horizontal canal has an internal diameter of 5.5 mm. and an 
external one of 7.5 mm. The height of the vertex of the 
canal above the vestibule is 3.5 mm., and its diameter at this 
point is 1.0 mm. Thus the horizontal is shallower in the 
arch than the superior or posterior canals. The perilymph 
space is fairly well marked in all the canals, the labyrinth 
being in this respect in marked contrast with that of the 
squirrel. 



RODENTIA 9 

The distribution of the pigment in the vestibule and 
canals is very peculiar. In each of the ampullae there is a 
crescentic deposit of pigment in the neck which separates the 
ampulla from the canal proper, an arrangement very similar 
to the deposit which is found in the same situation in the 
baboon, the green monkey, and several others of the mam- 
malia. The other neck which separates the ampulla from 
the vestibule is also the seat of a pigmentary deposit, but 
the pigment is not limited to this position, and extends from 
the ampulla over a large portion of that part of the upper 
surface of the vestibule which is formed by the utricle. Thus, 
as may be seen from the photograph, a band of pigment 
runs from the ampullae of the superior and horizontal canals 
backwards to the opening of the common Umb of the posterior 
and superior canals. This band of pigment is sharply defined, 
and is confined to the utricle, there being no pigment in the 
wall of the saccule. The deposit is clearly in the wall of the 
endolymph cavity, the endosteum showing no pigment at all. 
About the middle of the band of pigment there is a conical 
projection downwards ; at its posterior extremity it unites 
with that from the ampulla of the posterior canal, and from 
this point the deposit of pigment is- carried upwards along 
the anterior and external surfaces of the common limb of 
the superior and posterior canals, and stops at their junction. 

It is interesting to note that, so far as present investiga- 
tions go, the rodents possess the two examples among the 
mammalia in which pigment is found in greatest abundance 
in the labyrinth. In the jerboa it is found most abundantly 




The labyrinth of the capybara is one of the most curious 
among those of the mammaHa, This is for the most part 
owing to the shape of the cochlea, which is the most extreme 
example of the sharp-pointed type that has been found, 
and to the fact that the pigment in the vestibule is dis- 
tributed in a very pecuHar way. 

The whole organ measures 14.5 mm, from the outermost 
point on the vertex of the posterior canal to the innermost 
point on the lowest whorl of the cochlea. The cochlea has 
a diameter of 7.5 mm., while the second whorl has a diameter 
of 4*5 mm. The diameter of the tube of the cochlea just 
in front of the round window is 2.5 mm., and there is in 
this region a bulging of the floor of the scala tympani similar 
to that found in a more marked degree in many of the 
other mammalian orders* The aqueduct of the cochlea is a 
very fine tube, and breaks in the process of preparation. 
The stump of it may, however, be seen in the photograph, 
along with the vein which accompanies it out of the labyrinth. 
A fairly w^ell-marked band of pigment is found along the 
outer wall of the tube of the cochlea, the amount of pigment 



PLATE III 

THE LEFT MEMBRANOUS LABYRINTH OF THE HEDGEHOG 
Erinaceus europaus 

X 6 

The organ is suspended by the horizontal canal and is viewed 
from in front ; it is also rotated a little counter-clockwise. The 
canals are thick, the perilymph space is well marked, and the ampullae 
are rather small. There are barely one and a half turns in the 
cochlea. No pigment is present in the labyrinth, the black markings 
in the spirals of the cochlea to the right being due to the presence of 
blood. 
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common in the mammalia ; in the mole, on the other hand, 
there is a communication between the two canals at the 
point at which they cross, a feature very rare in mammals, 
although it is the common disposition in birds and reptiles. 
The only other mammals in which this arrangement has been 
found are the marsupial mole, the jerboa mouse, and possibly 
the dromedary. The matter will be referred to again when 
describing the marsupial labyrinth. 

No pigment is found in the canals of the hedgehog. 
Literature. — Hyrtl, Op, cit, S. 62, 86, &c. Denker, Op, cit. S. 26. 
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THE MEMBRANOUS LABYRINTH OF THE HEDGEHOG 

As remarked above, the labyrinth of the hedgehog shows 
evidence of a very ancient type. The cochlea possesses 
only one and a half whorls, and there is a well-developed 
perilymph space in the canals. The only other mammals 
examined in which there are so few turns in the cochlea 
are the sea-cow, the marsupial mole, and the platypus. 

The whole organ measures 6.5 mm. from the outermost 
point on the vertex of the posterior canal to the innermost 
point on the lowest whorl of the cochlea. The latter has 
a diameter of 3.0 mm., and the second whorl a diameter of 
1.75 mm. The diameter of the tube of the cochlea just in 
front of the round window is 1.5 mm., and there is no very 
marked bulging of the floor of the scala t3anpani in this 
region, such as is found in many of the mammalia. The 
aqueduct is short but relatively thick. The slant height 
of the cochlea measured from the apex to the upper margin 
of the round window is 2.5 mm. The cochlea is of the fiat 
type, as might be expected from the small number of whorls. 

The vestibule measures rather less than 2.5 mm. in its 
longest diameter, and the major axis of the oval window is 
i.o mm. in length. Two small otoliths are seen in the 
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whale two turns. In the sirenia^ moreover, the round 
window merges into the aqueduct of the cochlea. 

As regards the vestibule and canals, there is no doubt 
that in the cetacea these organs have undergone more 
modification than in the sirenia. Indeed, in no other mammal 
have the organs referred to been subjected to so much change. 
The cause of this transformation appears to the writer to be 
the ankylosis of the cervical vertebrae which is so marked a 
feature in the anatomy of the cetacea. There seems to be 
little doubt that, at any rate in mammals, the functions of 
the canals and vestibule are correlated in some way with 
the extent and delicacy of the movements of the head upon 
the trunk, and it is probably in accordance with this fact 
that the canals of the cetacea have undergone such modifica- 
tions. In the dugong, from which the present description of 
the labyrinth of the sirenia is taken, the cervical vertebrae 
are not ankylosed, and there is not so much evidence of the 
modification of the canals and vestibule as is found in the 
cetacea. Still, even in the dugong there is a clear diminu- 
tion in size of these structures in proportion to the rest of 
the labyrinth, and it seems to the writer that this is to be 
associated with the limited movements of the head upon 
the trunk which are characteristic of the animal. An 
examination of the labyrinth of the manatee would be 
interesting, since in this species of the sirenia the second 
and third cervical vertebrae are fused together, and there 
is probably a more restricted movement of the head upon 
the trunk than in the dugong. 

There are other points of similarity between the labyrinths 
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THE MEMBRANOUS LABYRINTH OF THE COMMON MOLE 

There are considerable differences to be found between the 
labyrinths of the hedgehog and the mole. In the mole the 
organ as a whole is longer and more delicate, and the canals 
in particular are thinner than in the hedgehog. 

The organ measures 5.0 mm* in length from the outer- 
most point on the vertex of the posterior canal to the inner- 
most point on the lowest whorl of the cochlea. The lowest 
whorl of the cochlea measures rather less than 2.0 mm. and 
the second i.o mm. in diameter. The diameter of the tube 
of the cochlea just in front of the round window is 0.75 mm., 
and there is a sUght bulging of the floor of the scala tympani 
in this region. The aqueduct of the cochlea is very fine, 
and breaks in the process of preparation. The organ is of 
the flat type, and the slant height, measured from the upper 
margin of the round window to the apex, is rather more 
than 1.5 mm. There are one and three quarter turns in 
the cochlea, and no pigment is to be found in the organ. 

The vestibtde measures 1.75 mm. in its greatest diameter, 
and contains no otoliths of a size sufficient to be recognised 
by the naked eye. The oval window measures 0*5 mm, in 
its major axis ; no pigment is found in the vestibule. The 
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aqueduct of the vestibule is a very fine thready and breaks 
in the process of preparation. 

The canals are all very delicate, and there is little or no 
evidence of a perilymph space in any of them* The superior 
is the largest of the three, measuring 2*25 mm. in internal, 
and 3,0 mm, in external diameter. The height of the vertex 
of this canal above the vestibule is rather more than 2.75 mm., 
and the diameter of the canal itself at the vertex is a Uttle 
more than 0.25 mm* The posterior is smaller than the superior 
canal, and measures 1.5 mm. in internal, and 2.25 ram. in 
external diameter* The height of its vertex above the 
vestibule is 2.25 mm., and its diameter at the vertex is rather 
more than 0,25 mm. The horizontal canal has internal 
and external diameters of 1.5 and 2.25 mm. respectively. 
The height of the vertex above the vestibule is 2.0 mm., 
and the diameter at the vertex is rather more than 0.25 mm. 
Thus the horizontal and posterior canals are of almost exactly 
the same dimensions, and both are smaller than the superior. 
No pigment is found in the canals, even in the ampullae, the 
mole being one of the few mammals that are without any 
evidence of pigment anywhere in the labyrinth. The canals 
are not set at such divergent angles as they are in the hedge- 
hog, and the horizontal canal is relatively on a slightly higher 
plane. There is a communication between the posterior and 
the horizontal canals which has already been alluded to, and 
which may be seen in the photograph. The only other 
mammals which certainly possess this communication are 
the marsupial mole and the jerboa mouse (v. p. 65, 66, vol. ii)* 
It is possible that in the dromedary the same condition may 
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exist, but it is not so definitely present as in these other 
animals (v. p. 145, vol. i.). 

As stated above, the canals of the mole are thinner and 
more deUcate than those of the hedgehog, owing for the 
most part to the fact that in the latter there is a well-marked 
perilymph space, while in the mole there is none. But 
even apart from this distinction the canals appear longer 
in proportion to the whole labyrinth in the mole than in the 
hedgehog, and this is particularly true of the superior canal. 

In the photograph of the labyrinth of the mole on 
page 18, the veins are well shown. This is owing to the fact 
that the animal was killed by strangulation, and the veins 
of the head were consequently engorged at the moment of 
death. 

LiTKRATURE.--Hyrtl, op, cit 46, 77, &c. Alexander, Zeitschr, f, Psycholog, 
u. Physiology d, Sinnesorgane^ Bd. xxxviii. Hft i, 1905. 



PLATE V 

THE LEFT MEMBRANOUS LABYRINTH OF THE COMMON PORPOISE 

Phaana communis 

The organ is suspended by the superior canal and is rotated a 
little clockwise ; it is viewed from in front. The canals and vestibule 
are very small. There is a deep cleft between the scala tympani 
and the scala vestibuli. The veins are seen very clearly passing 
inwards over the upper surface of the whorls towards the modiolus. 
The intracranial end of the aqueduct of the cochlea is just seen at 
the back at the left lower part of the photograph. 
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THE MEMBRANOUS LABYRINTH OF THE PORPOISE 
Phocana commums 

The labyrinth of the porpoise is embedded in a separate 
bone termed the periotic bone, which is movable upon the 
rest of the skull. The fact that this bone is only attached 
to the sktill by means of Hgaments was mentioned by Cuvier, 
and it may have been known before his time, though no 
reference has been found to indicate this. The hgaments 
allow of a movement round an axis which lies a Uttle behind 
the bone, and the extent of this movement at the lower and 
anterior siurface amounts to several millimetres. 

In the membranous labyrinth the most obvious pecuharity 
is the remarkable disproportion between the cochlea on the 
one hand, and the canals and vestibule on the other. Such 
a marked difference in size has not been found in any other 
order of mammals. 

The extreme length of the labyrinth is 9.5 mm* The 
diameter of the lowest whorl of the cochlea is 8.5 mm., that 
of the second being 4,5 mm. The diameter of the tube of 
the cochlea immediately in front of the round window is 
3.0 mm. The aqueduct of the cochlea is a rather thick tube 
measuring about \ mm. in its greatest diameter : it is directed 
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backwards and inwards^ and is of nearly uniform thickness 
throughout. The distance of the upper margin of the round 
window from the apex of the cochlea is 6.5 mm. 

A deep cleft runs along the outer border of the tube of 
the cochlea, a condition which occurs, so far as the writer 
knows, in no other order except to a slight extent in the 
marsupials. This cleft, according to Denker, occupies the space 
which is filled in the recent state by the ligamentimi spirale. 
His conclusion was the natural one when it is remembered 
that his work was done on corrosion preparations. It is, 
however, quite incorrect, as may be seen at once when the 
membranous labyrinth itself is examined. The ligamentiun 
spirale of the porpoise lies above this cleft, and in its lower 
portions presents the appearance of a thin band. The band 
is continued in the usual way right up to the apex of the 
cochlea, gradually becoming more and more faint as it 
ascends. Though the cleft referred to by Denker does not 
represent the space occupied by the ligamentum spirale, it 
may be that the fibres of that structure are attached to the 
bone which undoubtedly fills it in the recent condition. 
It should be added that the cleft rapidly diminishes in size as 
it ascends the cochlea. 

The turns of the cochlea number one and three-quarters, 
the diN-isions between them are well marked, and the organ 
is of the flat t\T)e. A vein of considerable size leaves the 
lab\Tinth by way of the aqueduct. 

The vestibule of the porpoise is a small caWty measuring 
about 1.25 mm. in diameter. In spite of its smallness, 
however, it is of interest from its a^ntaining twx) relatively 
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large otoliths. These are not, of course, so large as those of 
the fish, but are about the size of those found in the bird, and, 
indeed, are not at all unlike them in shape. The larger of the 
two lies a short distance behind the ampullary openings of 
the superior and horizontal canals, and the smaller hes below 
it ; both are milk-white in colour. The comparatively large 
size of these otoUths naturally recalls the similar structures 
in the seal, though in the latter animal they are even larger 
and are placed more widely apart. The aquatic life of both 
animals may possibly be associated in some way with the 
size of the otoliths. In the case of the porpoise, it may be 
noted that the cetacea are probably more closely related to 
the reptiles than most of the mammals, and have not quite 
lost the resemblance to these animals as regards the otohths. 
The similarity of the otohths of the porpoise to those of the 
birds suggests this relationship* 

Although the vestibule of the porpoise is very small, 
the diameter of the oval window in its longest axis is 1,25 mm*, 
so that the aperture into the cavity is as long as the cavity 
itself, or nearly so. 

The canals of the porpoise are all very small, but in 
proportion to their size they are rather thick. The internal 
diameter of the superior canal is 1.5 mm., while the external 
diameter is 2*0 mm* or rather less. The height of the vertex 
of the canal from the vestibule is nearly 1.25 mm., and the 
diameter of the canal itself at the vertex is 0.5 mm* Thus, 
while in length the canal is of almost the same size as that of 
the mouse, it is in thickness equal to that of the lemur. 
The posterior canal is much the smallest of the three ; its internal 
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PLATE VII 

THE RIGHT MEMBRANOUS LABYRINTH OF THE DUGONG 
Halicore australis 

The organ is viewed from below and in front, and the horizontal 
canal is the nearest of the three to the reader. The canals are all 
very small, and the perilymph space is not very well marked, though 
it can be traced all round the canals. The ampullae also are small 
and the cristae acusticae are poorly developed. It wiU be seen that a 
nerve twig passes from the branch to the ampulla of the horizontal 
canal across to the ampulla of the superior canal. There is a conical 
bulging of the utricle immediately below the ampulla of the superior 
canal, and the nerves to the ampullae pass through this bulging portion. 
The oval window is large and the eUipse which it forms is narrow. 
The cochlea is large and rather irregular in curvature, and only possesses 
one and a half turns. The roimd window is also very large. 
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SIRENIA 

THE MEMBRANOUS LABYRINTH OF THE DUGONG 

Halicore ausiralis 

The labyrinth of this animal is almost as interesting as 
the animal itself. Although it does not possess the peculiar 
appearance of the organ as it is found in the cetacea, there 
are, as has been remarked above, some unique features. 

The whole labyrinth measures 18.0 mm. from the outer- 
most point on the posterior canal to the innermost point on 
the lower whorl of the cochlea. The lower whorl of the 
cochlea has a diameter of 10.5 mm., and the second a diameter 
of 6.75 mm. The diameter of the tube of the cochlea just 
in front of the round window is 3.5 mm., and there is no very 
marked bulging of the floor of the scala tympani in this 
region such as is found in many mammals. There are 
one and a half turns in the cochlea, and the slant height 
of the organ from the upper margin of the round window to 
the apex is 7.0 mm. The cochlea has a somewhat irregular 
shape, there being two rounded corners in the lower whorl 
which detract from the beauty of the oi:gan as compared 
with those of the majority of the mammalia. It is of the 
flat type, and, though this is in part due to the fact of there 
being so few turns, it is not entirely so. The round window 
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is very large, larger indeed than in any other mammal 
except the whale, and on the under surface of the scala 
tympani it passes so far inwards that it merges into the 
aqueduct of the cochlea, a condition not found in any other 
mammal. For this reason the aqueduct of the cochlea 
cannot be said in the proper sense of the term to exist as a 
bony canal. It is as though the bridge of bone, which in all 
other mammals separates the aqueduct from the roimd 
window, had been removed. The aqueduct is therefore 
represented by an opening in the posterior portion of the 
round window, through which the perilymph can pass into 
and out from the scala tympani. The round window is of 
course closed from the tympanum by a membrane in the 
usual way. The disposition of the parts is somewhat difl&cult 
to describe, but will more easily be understood if the reader 
will turn to the labyrinth of the sea-Uon (vol. i. p. 124). In 
that animal it will be seen that the round window is rather 
triangular, and in its lower portion runs for a short distance 
along the aqueduct. In the sea-cow it is as though this 
lower part of the round window was drawn out along the 
whole length of the aqueduct until it met the dura mater. 
In the sea-cow, however, the tube is so short that it may 
be said to open immediately into the cranial cavity. 

There is a little pigment in the cochlea, found in the 
usual place along the outer wall of the tube. 

The vestibule is a broad but shallow cavity measuring 
9.0 mm. in its longest diameter, and the oval window is very 
large, no other animal having it proportionately, and only 
one, the whale, actually so large. It measures 5.25 mm. in 
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its major axis^ and the ellipse is a much narrower one than 
is commonly the case. Anteriorly the vestibule bulges 
forward as a conical projection immediately below the opening 
of the ampullae of the superior and horizontal canals. This 
bulging is quite unique among the mammals examined, and 
is not a mere abnormality in the particular case w^hich is 
shown in the photography since it w^as found in botli 
labyrinths and was symmetrical on the two sides. But 
there is yet another peculiarity about this unusual prominence. 
It will be noticed that the nerves to the superior and horizontal 
canals actually pass through it and not over it. Now, in 
all the other mammalian labyrinths examined, it is found 
to be uniformly the case that the nerves remain outside the 
cavity of the vestibule until they reach the neuro-epithelium 
which they are destined to serve, and that then only do 
they leave the bony canals in which they run. In the dugong, 
therefore, w^e find the anomalous condition of a nerve actually 
running tlirough the perilymph space, and possibly through 
the endolymph space as well. 

The aqueduct of the vestibule is a comparatively tliick 
tube, and may be seen in the photograph. It appears to 
have a communication with the common limb of the superior 
and posterior canals, but it is not possible to say if there is any 
actual opening of sufficient size to allow the endolymph to 
pass through. The point of contact may be seen in the 
photograph, and it certainly looks as if there were a true 
communication between the two channels. 

Pigment is found in small quantities on the upper surface 
of the vestibule between the hmbs of the superior canal. 
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There is one fairly large otolith in the utricle^ and it may 

be seen in the photograph lying in the usual place immediately 
behind and internal to the ampullae of the superior and 
horizontal canals. It is thin and slightly concave, with the 
concavity directed downwards* A portion of one of the 
edges is pointed and turns sharply downwards. 

The canals of the dugong are small relatively to the rest 
of the labyrinth ; in the cetacea alone is the disproportion 
so marked. They are well rounded, and the perilymph 
space, although not noticeably large, can be traced the 
whole way round the circumference. Pigment is found 
in the common limb of the superior and posterior canals, 
but, curiously, is not found in the ampullae themselves. 
One interesting feature is found in the distribution of the 
nerves to the ampullae of the superior and horizontal canals. 
Before reaching the horizontal ampulla, its nerve gives off 
a twig, w^hich crosses over and joins the nerve to the superior 
ampulla just as it enters the crista acustica. This condi- 
tion has not yet been recorded, and it may be of interest 
to the physiologist. The ampullae are small relatively to the 
rest of the canals. 

The superior canal measures 7,0 mm. in internal, and 
8.5 mm. in external diameter. The height of the vertex of 
the canal above the vestibule is 6.0 mm.^ and the diameter 
of the canal itself at the vertex is 075 mm. The posterior 
canal has internal and external diameters of 475 mm* and 
675 mm. respectively, and the height of the vertex of the canal 
above the vestibule is 5.0 mm. The diameter of the canal it- 
self at the vertex is 1,0 nmi. The horizontal ca;rrtZ measures 
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5.0 mm. in internal, and 7.0 mm. in external diameter. 
The height of the vertex of the canal above the vestibule is 
5.5 mm., and the diameter of the canal itself at the vertex 
is i.o mm. It is, therefore, to be noted that the posterior 
is the smallest of the three canals, a relationship which is 
rare in the mammaUa, but in which the sirenia resemble the 
cetacea. 

The nerve-supply to the ampullae is comparatively scanty 
when compared with that which is found in many other 
animals, that is, if one may judge by the thinness of the 
bundles. 

In the vertex of the superior canal, seen in the photo- 
graph, there is a deposit of calcareous salts ; this is patho- 
logical in character. 

In general it may be said that the canals and ampullae 
of the sea-cow are poorly developed, and this may be 
associated with the restricted movements of the head upon 
the trunk. At any rate it may be conjectiured that the 
organs have not such physiological importance in the animal 
as in the great majority of the mammaUa. A somewhat 
similar degree of development is found in the canals of the 
sloth, and it is highly suggestive that in the latter the move- 
ments are also uncouth. 

Literature. — Hyrtl, Op. at. S. 34, 66, &c. Claudius, Physiolog. Bemerk. 
iiber d. Gchor d. Cctacccn u. das Ohr d. Sdugeth. S. 8, 12. Kiel, 1858. 
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MARSUPIALIA 

As may well be understood, the study of the labyrinth 
of the marsupials is most interesting. The order occupies a 
pecuUar position in regard to the fact that, although its 
antiquity is known to be very great, yet in its general ana- 
tomical structure it presents great resemblances to the other 
orders of the eutheria ; much closer, for example, than do 
the monotremes. Fossil remains, which are definitely mar- 
supial, have been found in the Jurassic strata, while definite 
eutherian remains are not found until the eocene is reached. 
It should, however, be pointed out that the insectivora may 
possibly be excepted from this statement, if we are to accept 
the present insectivora as being descendants of the insectivora 
primitiva of the Jurassic period. 

Remembering, therefore, the comparative antiquity of 
the order, we should naturally expect to find some sign 
of antiquity in the labyrinth more marked than is to be 
found in any other order of the mammalia except the mono- 
tremes. In this respect, however, we shall to a certain 
extent be disappointed, unless further investigations reveal 
a labyrinth very different from those of the marsupials 
which have hitherto been examined. It is true that in the 
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marsupial mole the cochlea has only one and a half turns, 
but the same is true of the hedgehog and the dugong, and 
in the former of these two animals there is additional evidence 
of antiquity in the well-developed perilymph space of the 
canals* With regard also to the peculiar junction of the 
posterior and horizontal canals at the point at which they 
cross, which may be considered as additional evidence 
of antiquity, while it is found in the marsupial mole it is 
also found in the common mole of Europe. Pigment is 
not found in the marsupials to any greater extent than in 
several other orders, and not so much as in some, e.g. the 
rodents. Nor are otohths more frequently present in the 
marsupials. The semicircular canals are like those of the 
ordinary mammalian t^^pes, and do not show in any particular 
way an approach to one more ancient. Indeed, it might 
almost be said that the canals of the sloth are more primitive 
in their appearance than those of any of the marsupials, since 
they are more angular and bear a certain resemblance to 
those of the monotremes and reptiles. 

While, therefore, there is no doubt that the marsupials 
left the main stem of mammalian descent at a much earlier 
period than most of the orders, yet, so far as the labyrinth 
is concerned they have developed along parallel lines to 
such an extent that the organ must be considered almost 
as far advanced as in some of these orders. Tliis is par- 
ticularly true of the diprotodont branch, which presents 
a labyrinth quite as well developed, if the term may be 
used, as any of the mammalia* With regard to the poly- 
protodont division, it may be said that in no case examined 
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is the organ more ancient in appearance than in the insectivora 
and the sirenia, and it may, perhaps, be added, than in the 
cetacea. The polyprotodont marsupials have a labyrinth 
of a distinctly older tj-pe than the diprotodonts, and this 
justifies anatomists in regarding them as of more ancient 
lineage. 

Now, while the appearance of the labyrinth of the mar- 
supials, as we know them now^ gives us no reason for assuming 
for recent species a much greater antiquity than can be 
claimed for some of the other mammalian orders having 
living representatives, yet we find, in considering the labyrinth 
of the marsupials as a whole, good evidence for the beHef 
of anatomists (even if no other evidence were obtainable) 
that the order left the mammalian main stem much earlier 
than certainly the great majority of the other orders. This 
evidence lies in the markedly different degrees of develop- 
ment which the organ shows in the species which go to com- 
pose the order, and in the variety of types which different 
parts of the organ present, Thus^ as regards the number of 
turns in the cochlea, we find barely one and a half in the 
marsupial mole, while in the vulpine phalanger there are no 
fewer than three and a half, a difference greater than that 
found in any other order, the heterogeneous one of rodents 
not excepted. 

Further, we have seen that in all the other orders the shape 
of the cochlea keeps fairly constantly to one type. Thus, in 
the carnivora the organ is constantly sharp-pointed, so also 
in the rodents, while in the ungulates and most other orders 
it is flat. In each order there are of course gradations of 
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t^T^e ; as, for example, in the edentata, in which the degree 
of flatness is different in the sloth and the ant-eater ; and 
even in the primates there is the pecuhar exception of the 
slow loris. But these differences are not very marked. 
Now, in the marsupials both types of cochlea are represented, 
and, what is more remarkable, both types are found in one 
group of the order. In the wallaby and the kangaroo the 
cochlea is typically flat, and in the phalanger it is as typically 
sharp-pointed. In the polyprotodont group the cochlea 
is of the sharp-pointed type in all the species that have 
hitherto been examined. 

Before leaving this subject it must be impressed on the 
reader that the remarks here made refer to the marsupials 
in so far only as the species described, and, while surprise 
has been expressed that a more ancient type of labyrinth 
has not been found in the order, it must be pointed out 
that it is still quite within the bounds of possibility that such 
a type may yet be met. For example, it might almost be 
expected in an animal with such primitive features in other 
respects as the banded ant-eater (Myrmecobius /asciatus), 
or in Caenolestes, the latter being the only species of the 
diprotodont marsupials found in the American Continent at 
the present day ; but these the writer has not liitherto had 
an opportunity of examining. 

One other interesting feature to be specially noted is 
the presence of pigment, which is found in the same situa- 
tions as in the other orders of the mammalia. It is more 
abundant in the polyprotodonts than in the diprotodonts. 
In the ampullae of the canals it is distributed in the form of a 
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crescent, similarly to its disposition in the other orders of 
mammals, but not in quite so regular a pattern as in some. 
In none of the species examined by the writer was the pigment 
so abundant as in the capybara or the jerboa. 

Otoliths sufficiently large to be recognised by the naked 
eye have only been found in the wallaby, and even in this case 
the writer may have been in error, although the crystals 
were found to be symmetrical on both sides. 

The aqueduct of the cochlea in the marsupials varies 
within wide limits. In the kangaroo and wallaby it is a wide 
tube, in the phalanger it is much narrower, while in all the 
polyprotodonts which have been examined it is so fine as to 
break in the process of preparation. The aqueduct of the 
vestibule is always fine, but in some cases it can be preserved. 

The examples of the marsupials which the writer has had 
the opportunity of examining are, of the diprotodonts — the 
kangaroo, the wallaby, and the phalanger ; and of the poly- 
protodonts — the marsupial mole, the pouched jerboa mouse, 
the bandicoot, the pouched mouse, and the brush-tailed 
phascologale. 
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PLATE IX 

THE RIGHT MEMBRANOUS LABYRINTH OF THE BRUSH-TAILED WALLABY 

Pitrogah penicillata 

X 6 

The organ is suspended by the superior canal and is viewed from 
the outer aspect. One of the otoliths is seen below and internal to 
the ampullae of the superior and horizontal canals. The oval and 
round windows are shown, and it will be seen that the latter stretches 
backwards towards the aqueduct of the cochlea. The cochlea is of 
the flat type. 
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THE MEMBRANOUS LABYRINTH OF THE BRUSH-TAILED 

WALLABY 

PetrogaU penicillata 

In the wallaby, as also in the kangaroo, the cochlea is of 
the flat type, being somewhat similar to that of the ungulates. 

The whole organ measures 8.0 mm. from the outermost 
point on the vertex of the posterior canal to the innermost 
point on the lowest whorl of the cochlea. The diameter of the 
lowest whorl of the cochlea is rather less than 4.5 mm., while 
that of the second is 2.5 mm. There is a marked bulging 
of the floor of the scala tympani in the region of the aqueduct, 
and the tube of the cochlea at this point measures 2.5 mm, 
in diameter. There are nearly three turns in the cochloa, 
and the slant height of the organ from the apex to the upper 
margin of the round window is 375 mm. The aqueduct of the 
cochlea is short and thick, measuring about 1.5 mm. in 
length. It is not triangular, as in most mammaln, but i» 
flattened from above downwards. 

In proportion to the rest of the labyrinth the ventihutfi 
is rather large, measuring 4.0 mm. in its longent diami^ti^r. 
The major axis of the oval window is rather more than 1.5 rnni, 
in length. Two otoliths of considerable size arr found in 
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the vestibule, one lying immediately behind the ampullae of 
the superior and horizontal canals, and the other a little 
below it. Both are flat and irregular in shape. 

The semicircular canals are similar to those of other 
mammals, and are beautifully regular in outline, reminding 
one of the same structures in the antelope, though, of course, 
they are much smaller. The superior canal measures 3.5 mm. 
in internal, and 5.0 mm. in external diameter. The height 
of the vertex of the canal above the vestibule is 3.0 mm., 
and the diameter of the canal itself at the vertex is 0.5 mm- 
The internal diameter of the posterior canal is 3.0 mm. and 
the external diameter is 4.5 mm. The height of the vertex 
above the vestibule is 3.0 mm., and the diameter of the 
canal itself at the vertex is 0.5 mm. Thus the posterior 
canal is smaller than the superior. The smallest of the 
three is the horizontal canal ^ which measures 3.0 mm. in 
internal, and 4.0 mm. in external diameter. The height of 
the vertex above the vestibule is 2.75 mm., and the diameter 
of the canal itself at the vertex is 0.5 mm. 

The perilymph space in the canals is very small, and, as 
is always the case, it is largest in the angles formed by the 
ampullae with the canals themselves. 

A little pigment is present in the ampullae. 
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Peirogaie penicillafa 

In the wallaby, as also in the kangaroo, the cochlea is of 
the flat type, being somewhat similar to that of the ungulates. 

The whole organ measures 8.0 mm, from the outermost 
point on the vertex of the posterior canal to the innermost 
point on the lowest whorl of the cochlea. The diameter of the 
lowest whorl of the cochlea is rather less than 4.5 mm., while 
that of the second is 2.5 mm. There is a marked bulging 
of the floor of the scala tympani in the region of the aqueduct, 
and the tube of the cochlea at this point measures 2.5 mm. 
in diameter. There are nearly three turns in the cochlea, 
and the slant height of the organ from the apex to the upper 
margin of the round window is 375 mm. The aqueduct of the 
cochlea is short and thick, measuring about 1.5 mm. in 
length. It is not triangular, as in most mammals, but is 
flattened from above downwards. 

In proportion to the rest of the labyrinth the vestibule 
is rather large, measuring 4.0 mm. in its longest diameter. 
The major axis of the oval window is rather more than 1.5 mm, 
in length* Two otoliths of considerable size are found in 



PLATE X 

THE LEFT MEMBRANOUS LABYRINTH OF THE BLACK-FACED KANGAROO 

Macropus melcutaps 

X 5 

The organ is suspended by the superior canal and is viewed from 
the outer aspect and in front. The cochlear portion is very similar to 
that of the wallaby. The canals are not so regular in shape, and 
there is pigment present in the ampullae. An ampulla-like dilatation 
is seen in the posterior extremity of the horizontal canal, but there is 
no nerve supply to this. It is comparable to the ampulla sometimes 
found in the same position in the human subject. {yUe Gray, 
Journ. of AnaL and Physiolog. vol. xxxix. p. 349.) 
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As would be expected from the close relationship which 
exists between the wallaby and the kangaroOj the labyrinths 
of the two animals are very similar* The most noticeable 
difference is in the canals, which are very regularly curved in the 
wallaby, and with less regularity in the kangaroo. Pigment is 
greater in amount in the kangaroo^ and the number of turns 
in the cochlea is nearly three in the wallaby, while it is two 
and three quarters in the kangaroo. 

The whole organ measures 12.0 mm. in length from the 
outermost point on the posterior canal to the innermost 
point on the lowest whorl of the cochlea. The lowest whorl 
of the cochlea has a diameter of 6.0 mm., and the second a 
diameter of rather less than 3.5 mm. The diameter of the 
tube of the cochlea just in front of the round window is 
rather more than 3.5 mm. There is a marked bulging * of the 
floor of the scala tympani in this region, and the aqueduct of 
the cochlea is wide, gradually tapering off from the floor 
of the scala tympani, as seen in the photograph. The slant 

^ In regard to the interesting phylogenetic si^gntficance of this bulging, sec p. to8. 
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THE MEMBRANOUS LABYRINTH OF THE VULPINE 
PHALANGER 

Trichosurus vulpecula 

Although the phalanger belongs to the diprotodont group 
of the marsupials, the labyrinth is in one respect very different 
from those of the kangaroos and wallabies. In the two 
latter, which belong to the family of the macropodidae, the 
cochlea is distinctly of the flat type, while in the phalangeridae 
it is markedly sharp-pointed. 

The labyrinth of the phalanger measures 9.0 mm. in its 
greatest length from the outermost point on the vertex of the 
posterior canal to the innermost point on the lowest whorl of 
the cochlea. The diameter of the lowest whorl of the cochlea 
is 4.0 mm., while that of the second is 2.75 mm. in length. 
The diameter of the tube of the cochlea just in front of the 
round window is 2.5 mm., this relatively large measurement 
being due to the fact that the floor of the scala tympani 
bulges downwards in the region of the aqueduct of the cochlea. 

The vestibule measures rather more than 2.75 mm. in 
its longest diameter, and there are no otoHths of a size 
sufficient to be recognised by the naked eye. The major 
axis of the oval window has a length of nearly 1.5 mm. 
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THE MEMBRANOUS LABYRINTH OF THE VULPINE 
PHALANGER 



Trickasurus vuipecula 

Although the phalanger belongs to the diprotodont group 
of the marsupials, the labyrinth is in one respect very different 
from those of the kangaroos and wallabies. In the two 
latter, w^hich belong to the family of the macropodidae, the 
cochlea is distinctly of the flat type, while in the phalangerid^ 
it is markedly sharp-pointed. 

The labyrinth of the phalanger measures 9,0 mm* in its 
greatest length from the outermost point on the vertex of the 
posterior canal to the innermost point on the lowest whorl of 
the cochlea. The diameter of the lowest whorl of the cochlea 
is 4,0 mm., while that of the second is 2.75 mm. in length. 
The diameter of the tube of the cochlea just in front of the 
round window is 2.5 mm,, this relatively large measurement 
being due to the fact that the floor of the scala tympani 
bulges downwards in the region of the aqueduct of the cochlea. 

The vestibule measures rather more than 2.75 mm. in 
its longest diameter, and there are no otohths of a size 
sufficient to be recognised by the naked eye. The major 
axis of the oval window has a length of nearly 1.5 mm. 
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THE MEMBRANOUS LABYRINTH OF THE MARSUPIAL MOLE 

Notoryctes typkhps 

The marsupial mole possesses the most ancient type of 
labyrinth of all the examples of this order which the writer 
has as yet had an opportunity of examining. Most un- 
fortunately the specimen had become somewhat dried before 
it reached the writer, with the result that the membranous 
structures of the labyrinth had collapsed, and do not show 
the detail which should be found in good specimens. This 
accounts for the poor appearance of the photograph, and for 
the double outline which is to be seen over nearly the whole 
organ, since, the membranous structures having collapsed, 
the celloidin in which the preparations are placed during the 
process of embedding, has penetrated between the bone and 
the membranous tissues. Again, the deposits which may be 
seen in all parts of the labyrinth in the photograph are not 
pigment, for which they might be mistaken, but are opacities 
resulting from the drying up of some of the albuminoid 
substances. In spite of these defects, however, the labyrinth 
of this animal is of such importance that it is desirable to show 
the appearance of even a poor specimen. 

The whole organ measures 4.5 mm. from the outermost 
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pfAnt on the vertex of the postmor canal to the innermost 
point on the lowest whorl of the cochka. The diameter of 
the lowest whorl of the cockUa is 2.0 mm , and that of the 
second 1,25 mm. The diameter of the tube of the cochlea 
jfist in front of the round window is rather mcxe than 0.75 mm., 
and the slant height of the organ frran the upper margin 
of the romid window to the apex is 1.25 nmi. The organ 
possesses only one and a half turns, and is of the sharp- 
pointed t)rpe. In this latter respect it agrees with the other 
species of polyprotodonts. Owing to the faulty nature 
of the specimen it is imposable to say whether or not figment 
is present in the cochlea. 

Th#; vcfAihuU measures rather more than 1.5 nun. in its 
Umt^/M diamrrtrrr, and the major axis of the oval window 
0,5 mm. It i^ impossible to say whether there are otoliths 
in i^t v^r^itibule of a size sufficient to be seen by the naked 
rry^r, ari^I t\ut v^tfi^t nrrnark applies to the presence or absence 
of pigrri^mt, Tli^; arjucduct of the vestibule is ver\' fine and 
bnraks in the pr^>r/rss of preparation. 

The ranals anr not very fine, and their curvature is not 
vrrry nrgular, N^-ith^tr is there any very great disproportion 
in the lengths of the canals. The superior canal measures 
175 rnrn, in internal, and 2.5 mm. in external diameter. 
The iH'if^ht of the vertex of the canal above the vestibule is 
175 mm., and the diameter of the canal itself at the vertex 
is rather more; than 0.25 mm. The posterior canal has internal 
and ext^Tnal diameters of 1.25 mm. and 2.0 mm. respectively. 
Thc! height of the vertex above the vestibule is rather more 
than 1.5 mm., and the diameter of the canal itself at the 
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vertex is rather more than 0.25 mm. 



measures 1.25 mm. in internal, and 2.0 mm 



The horizontal canal 
in external 

diameter. The height of the vertex above the vestibule 
is rather more than i.o mm., and the diameter of the canal 
itself at the vertex is a little more than 0.25 mm. 

The ampuUse of the canals of the marsupial mole are not 
large in proportion to the rest of the canal, a feature in 
which this labyrinth is in contrast with those of all the 
other marsupials that have been examined. Perhaps, how- 
ever, the most interesting feature of the canals of the marsupial 
mole is the junction between the posterior and horizontal 
canals at the point at which the latter passes under the former. 
This condition, which can be seen in the photograph, must not 
be confounded with the not uncommon one in which the 
horizontal canal at its posterior extremity opens into the 
ampulla of the posterior. The junction takes place in the 
canals proper, and is quite like that which is usually seen 
in the canals of birds. In mammals it is extremely rare ; 
indeed, the writer has only found it definitely present in 
three others— the common mole, the phascologale, and the 
pouched jerboa mouse ; it is possibly present also in the 
dromedary, but in this last Ccise it may have been an abnor- 
mality. It is an interesting hnk between the marsupial 
and the common mole, for, although they belong to quite 
different orders, these are both ancient, and the condition is 
possibly a vestige of reptilian ancestry, since, as will be 
seen later, this commissure is commonly present in the 
reptiles as well as in the birds. 
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PLATE XIII 

THE RIGHT MEMBRANOUS LABYRINTH OF THE POUCHED JERBOA MOUSE 

Aniechinomys lanigera 

The organ is suspended by the superior canal and is viewed from 
in front and below. The canals are thick, but the perilymph space is 
hardly present. There is a communication between the horizontal 
and posterior canals. The ampullae are large, and there is a rich 
deposit of pigment in them and in the vestibule. The cochlea 
contains one and three quarter turns, and there is a broad band of 
pigment in the region of the spiral ligament. The cochlea is of the 
sharp-pointed type. 
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THE MEMBRANOUS LABYRINTH OF THE POUCHED 
JERBOA MOUSE 

Antechinomys lanigera 

The labyrinth of this rare marsupial, although interesting, 
does not show evidence of such great antiquity as does that 
of the marsupial mole which has just been described. It 
is clearly more ancient in type than those of the diprotodont 
group of marsupials. 

The whole organ is of almost exactly the same size as that 
of the marsupial mole, measuring 4.5 mm. from the outer- 
most point on the vertex of the posterior canal to the inner- 
most point on the lower whorl of the cochlea. The diameter 
of the lower whorl of the cochlea is 2.0 mm., and that of the 
second 1.5 mm. ; hence the organ is very definitely of the sharp- 
pointed type. There are one and three quarter turns in the 
cochlea, and there is a well-marked and broad band of pig- 
ment along the outer wall of the cochlear tube ; this band 
of pigment becomes fainter towards the apex of the cochlea, 
as is usually the case in the mammalia. The tube of the 
cochlea just in front of the round window is i.o mm. in 
diameter, and the slant height of the organ measured from 
the upper margin of the round window to the apex, is 1.75 mm. 
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The aqueduct of the cochlea is a very fine tube, and breaks 
in the process of preparation. There is a fairly well-marked 
bulging of the floor of the scala tympani in the region of the 
opening of the aqueduct of the cochlea. 

The vestibule measures 2.0 mm. in its longest diameter, 
and the oval window has a major axis of 0.5 mm. As in other 
marsupials, the oval window is not so markedly elliptical in 
shape as in most of the mammalian orders. There is a con- 
siderable amount of black pigment in the vestibule, and as 
is commonly found, this is almost if not entirely confined 
to the utricle. The aqueduct of the vestibule is propor- 
tionately much thicker than is usually the case, and can be 
preserved in the process of preparation ; it may be seen in 
the photograph behind the common limb of the posterior and 
superior canals. 

The canals of the animal are well curved and rather 
thick in proportion to their length. This is the more remark- 
able in view of the fact that the perilymph space is not 
present in at all the same degree as is common in labyrinths 
with canals of large calibre. The ampullae are large and 
spherical, in which respect they differ from those of the 
marsupial mole. Pigment is found in each of the ampullae, 
and the deposit is of much the same shape as in the other 
mammals in which it is present in this locality. That is to 
say, it is arranged crescentically in the convex portion of 
the ampulla, and distal to the crista acustica. Another 
patch of pigment is present in each of the ampullae in the 
part which is proximal to the crista, but this deposit is in 
direct continuity with that found on the upper surface of 
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The vestibide measures 1.75 mm. in its longest diameter, 
and the major axis of the oval window has a length of rather 
less than 0.5 mm. 

The stiperior canal has an internal diameter of 1.5 mm. 
and an external of 2,25 mm. The height of the vertex of the 
canal above the vestibule is 1.5 mm., and the diameter of the 
canal itself at the vertex is rather less than 0.25 mm. The 
posterior canal measures i.o mm. in internal, and 1.75 mm, 
in external diameter. The height of the vertex above the 
vestibule is 1.25 mm., and the diameter of the canal itself 
at the vertex is rather less than 0,25 mm* The horizontal 
canal has internal and external diameters of i.o mm* and 
1.5 mm, respectively. The height of the vertex above the 
vestibule is 1.25 mm., and the diameter of the canal itself 
at the vertex is rather less than 0.25 mm. The canals are 
well rounded, and are very similar in appearance to those of 
antechinomys. There is a crescentic deposit of pigment 
in the ampullae, but it is not possible to state definitely from 
the specimen whether or not it is regular in outhne. The 
opacity of the specimen also renders it impossible to ascertain 
whether the perilymph space is present in the canals at all, 
and if so, to what extent. 
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THE MEMBRANOUS LABYRINTH OF THE POUCHED MOUSE 

Sminthopsis larapinta 

This small marsupial belongs to the same family as 
antechinomys and phascologale, and the appearance of the 
labyrinth, though smaller, is very similar. The specimen 
was unfortunately rather dry when the writer received it, 
consequently the labyrinth does not make a very good 
preparation ; and, owing to the opacity of the organ, it has 
not been possible to obtain a satisfactory photograph. In 
the following description, therefore, only the appearance 
of the outline is given, along with the actual measurements. 

The organ measures 4.0 mm. in extreme length from the 
outermost point on the posterior canal to the innermost 
point on the lowest whorl of the cochlea. The diameter 
of the lowest whorl of the cochlea is 2.0 mm. and that of the 
second 1.25 mm. The diameter of the tube of the cochlea 
just in front of the round window is i.o mm., and the slant 
height from the upper margin of the round window to the 
apex is 1.5 mm. The organ is distinctly of the sharp-pointed 
type. The aqueduct of the cochlea is a very fine tube, and 
breaks in the process of preparation. There are one and 
three quarter turns in the cochlea. 
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The vestibule measures 1.75 mm. in its longest diameter, 
and the major axis of the oval window has a length of rather 
less than 0.5 mm. 

The superior canal has an internal diameter of 1.5 mm. 
and an external of 2.25 mm. The height of the vertex of the 
canal above the vestibule is 1.5 mm., and the diameter of the 
canal itself at the vertex is rather less than 0.25 mm. The 
posterior canal measures i.o mm. in internal, and 1.75 mm. 
in external diameter. The height of the vertex above the 
vestibule is 1.25 mm., and the diameter of the canal itself 
at the vertex is rather less than 0.25 mm. The horizontal 
canal has internal and external diameters of i.o mm. and 
1.5 mm. respectively. The height of the vertex above the 
vestibule is 1.25 mm., and the diameter of the canal itself 
at the vertex is rather less than 0.25 mm. The canals are 
well rounded, and are very similar in appearance to those of 
antechinomys. There is a crescentic deposit of pigment 
in the ampullae, but it is not possible to state definitely from 
the specimen whether or not it is regular in outline. The 
opacity of the specimen also renders it impossible to ascertain 
whether the perilymph space is present in the canals at all, 
and if so, to what extent. 



PLATE XIV 

THE RIGHT MEMBRANOUS LABYRINTH OF THE BRUSH-TAILED PHAS- 

COLOGALE 

PhascologcUc penkillata 

X 6 

The organ is suspended by the superior canal and is viewed from 
in front and below. The canals are regularly curved, and the peri- 
lymph space is almost absent. There is a channel of communication 
between the horizontal and posterior canals. Pigment is present in 
the ampullae and on the upper surface of the vestibule. There is a 
faint deposit of pigment in the region of the spiral ligament. The 
cochlea has two and a half turns. 
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THE MEMBRANOUS LABYRINTH OF THE BRUSH-TAILED 
PHASCOLOGALE 



Phascologali penicillata 

The phascologale belongs to the same family as the two 
animals immediately preceding, and its labyrinth resembles 
theirs, but is a little larger. 

The whole organ measures 5.75 mm, from the outermost 
point on the vertex of the posterior canal to the innermost 
point on the lowest whorl of the cochlea. The diameter 
of the lowest whorl of the cochlea has a length of 3.0 mm., 
and that of the second 2.0 mm. The diameter of the tube 
of the cochlea just in front of the round window is 1,5 mm., 
and there is a bulging of the floor of the scala tympani in 
the region of the aqueduct of the cochlea similar to that 
found in the other two members of the family which have 
been described. The slant height of the cochlea from the 
apex to the upper margin of the round window is 2.5 mm., 
and the organ is distinctly of the sharp-pointed type. There 
is a band of pigment along the outer side in the region of 
the stria vascularis similar to that found in other mammals, 
and, as is always the case, it is more marked in the lowest 
whorL There arc two and a half Uirns in the cuchlea. 
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The vestibule measures 2.5 mm. in its longest diameter, 
and the major axis of the oval window has a length of rather 
less than i.o mm. The aperture of the oval window is a 
fairly regular ellipse. Owing to the presence of pigment in 
the vestibule it is impossible to say that otoHths are absent, 
but none are to be seen in the photograph. The pigment is 
present in the form of a black irregular mass in the utricle, 
none being found in the saccule. 

The canals are well-rounded : the superior one does not, 
like its companions, lie in one plane, but has a well-marked 
inclination inwards at the vertex. The perilymph space is 
very small, but is present in all the canals, and with care may 
be traced throughout their course. The ampullae are all 
fairly large in proportion to the size of the labyrinth, and 
are roughly spherical, being in this respect in contrast with 
those of the marsupial mole. One feature the labyrinth 
has in common with that of the last-named animal : there is 
a communication between the perilymph spaces of the 
posterior and horizontal canals. It will be remembered 
that this condition is also found in the common mole 
and some polyprotodont marsupials, but is not found 
in the diprotodont branch of the order. Pigment is found 
in all the ampullse, but is very scanty in that of the 
horizontal canal. In the superior canal the pigment is dis- 
tributed in the form of a shallow crescent in the distal portion 
of the ampulla ; in the proximal portion it is not so definitely 
crescentic, and is continuous with the rich deposit which is 
found in the upper wall of the vestibule. 

The superior canal measures 2,5 mm. in internal, and 
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3.25 mm. in external diameter. The height of the vertex 
above the vestibule is.3.0 mm., and the diameter of the canal 
itself at the vertex is rather less than 0.5 mm. The internal 
and external diameters of the posterior canal are rather less 
than 2.0 mm. and 3.0 mm. respectively. The height of the 
vertex above the vestibule is 2.25 mm., and the diameter of 
the canal itself at the vertex is rather less than 0.5 mm. 
The horizontal canal vcie^^s\xvts 2.0 mm. in internal, and 3.0 mm. 
in external diameter. The height of the vertex above the 
vestibule is 2.0 mm., and the diameter of the canal itself at 
the vertex is rather less than 0.5 mm. Thus the superior 
is the longest of the canals, while the horizontal and posterior 
are of almost equal size. 



PLATE XV 

THE LEFT MEMBRANOUS LABYRINTH OF THE SHORT-NOSED 

BANDICOOT 

Perameles abesula 

X 6J 

The organ is suspended by the superior canal and is viewed from 
the inner aspect. The canals are regularly curved, and the perilymph 
space is not well-developed. The cilia in the ampullae are arranged 
in two transverse rows similar to the condition found in the phalanger, 
but the two rows are not of equal height. Two crescentic deposits 
of pigment are seen in the ampullae, one on each side of the crista acus- 
tica, and are similar to those found in many other mammals. Two 
otoliths are present in the vestibule, one in the utricle and the other 
in the saccule. The cochlea is of the sharp-pointed type, and contains 
two and a quarter turns. 
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THE MEMBRANOUS LABYRINTH OF THE SHORT-NOSED 

BANDICOOT 

Perameles obesula 

If we were to judge by the appearance of the labyrinth alone, 
the short-nosed bandicoot would be one of the most highly 
developed of the polyprotodont marsupials yet examined. 
The cochlea has two and a quarter turns, this being the 
largest number which has as yet been found in the poly- 
protodont s, with the exception of the phascologale. 

The whole organ measures 6.5 mm. from the outermost 
point on the vertex of the posterior canal to the innermost 
point on the lowest whorl of the cochlea. The lowest whorl 
of the cochlea measures 3.0 mm. and the second 2.0 mm. in 
diameter. The diameter of the tube of the cochlea just in 
front of the round window is 1.75 mm., and there is a con- 
siderable bulging of the floor of the scala tympani in this 
region. The aqueduct is a very fine tube, and breaks in the 
process of preparation. The slant height, measured from 
the upper margin of the round window to the apex, is 2.75 mm., 
and the organ is very distinctly of the sharp-pointed type. 
A faint band of pigment is found along the outer wall, but 
in the upper turns it is barely visible. 
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THE MEMBRANOUS LABYRINTH OF THE SHORT-NOSED 

BANDICOOT 



Perameies ohtsula 

If we were to judge by the appearance of the labyrinth alone, 
the short-nosed bandicoot would be one of the most highly 
developed of the polyprotodont marsupials yet examined. 
The cochlea has two and a quarter turns, this being the 
largest number which has as yet been found in the poly- 
protodonts, with the exception of the phascologale. 

The whole organ measures 6.5 mm. from the outermost 
point on the vertex of the posterior canal to the innermost 
point on the lowest whorl of the cochlea. The lowest whorl 
of the cochlea measures 3.0 mm. and the second 2.0 mm. in 
diameter. The diameter of the tube of the cochlea just in 
front of the round window is 1.75 mm., and there is a con- 
siderable bulging of the floor of the scala tympani in this 
region. The aqueduct is a very fine tube, and breaks in the 
process of preparation. The slant heigh t^ measured from 
the upper margin of the round window to the apex, is 275 mm., 
and the organ is very distinctly of the sharp-pointed type. 
A faint band of pigment is found along the outer wall, but 
in the upper turns it is barely visible. 
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The vestibule has a maximum diameter of 2.25 mm., and 
the oval window measures i.o mm. in its major axis. Pigment 
is present in the vestibule in minute quantities only* The 
aqueduct of the vestibule is a very fine tube, and breaks 
in the process of preparation. No otoliths of a size sufficient 
to be recognised by the naked eye are found in the vestibule. 

The canals are of moderate dimension, are well rounded, 
and proportionately thinner than in the pouched jerboa 
mouse or the marsupial mole. The perilymph space is very 
faintly seen in the canals, and indeed is absent along a large 
part of their course. The superior canal measures 3.0 mm. 
in internal, and 4.0 mm. in external diameter. The height 
of the vertex above the vestibule is 3.0 mm., and the diameter 
of the canal itself at the vertex is 0.25 mm. The posterior 
canal has internal and external diameters of 2.0 mm. and 
3.0 mm. respectively, and the height of the vertex above 
the vestibule is 2.25 mm. The canal itself has a diameter at 
the vertex of rather more than 0.25 mm. The horizontal 
canal measures 2.0 mm. in internal, and 3.0 mm. in external 
diameter. The height of the vertex above the vestibule is 
rather less than 2.0 mm., and the diameter of the canal 
itself at the vertex is rather more than 0.25 mm. 

Pigment is present in the ampullae of the canals^ disposed 
in very much the same way as in the polyprotodont marsupials 
already described, but in much smaller quantities. That is 
to say, there are in each ampulla two crescentic deposits, 
one on the proximal and one on the distal side of the crista 
acustica. 

An interesting feature may be seen in the ampullae of the 



PLATE XVI 

THE LEFT MEMBRANOUS LABYRINTH OF THE DUCK-BILLED 

PLATYPUS 

Ornithorhyncus anatinus 

The organ is suspended by the posterior canal and is viewed from 
in front, below and outside. It is also rotated a little counter-clock- 
wise. The specimen is a poor one owmg to the haemorrhages which 
have occurred throughout the whole organ. The cochlea only possesses 
half a turn, and is not unlike those found in birds and some reptiles. 
The superior canal, which is to the left, is angular, and suggestive of 
the reptilian type ; but the vestibule is not so large as in the latter. 
The aqueduct of the cochlea is seen to the right side of the organ as 
it leaves the vestibule. 



MONOTREMATA 

THE MEMBRANOUS LABYRINTH OF THE DUCK-BILLED 

PLATYPUS 



Ornithorhyncus anatinus 

As might have been expected, the labyrinth of the platypus 
is very different from that of any other mammal. In appear- 
ance it may be said to stand midway between the labyrinth 
of the reptiles and that of the eutherian mammals. 

Unfortunately the animal from which the specimens were 
taken had apparently been killed by drowning or strangula- 
tion, and in the death struggle blood-vessels in the labyrinth 
had ruptured ; the resulting haemorrhages are visible in the 
photograph and detract much from its value. The general 
outline of the organ is quite well preserved, but the finer 
details of the membranous structure are not shown. Owing 
to the difficulty of obtaining specimens of the monotremata, 
the writer has had to content himself with this one example. 

In many respects the labyrinth of the platypus is more 
like that of some reptiles than of any of the other mammals 
which have been investigated. This statement refers only, 
of course, to the outward appearance ; microscopically the 
structure, according to Pritchard and Alexander, resembles 
more closely that of the mammals than the general appearance 
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would suggest. The superior canal does not present the 
rounded appearance so characteristic of the mammalia, but 
is distinctly angular. The cochlea has none of the whorls 
which are found in all the other mammals which have been 
examined, the most that can be said is that the first whorl 
is beginning to make its appearance. Too much stress, 
however, must not be laid upon this point, since it must be 
remembered that the number of mammals examined hitherto 
is limited, and it is quite possible that in some of the poly- 
protodont marsupials an intermediate stage of the cochlea 
may yet be found. At present, however, it may be stated 
that there is a large gap between the little hook-like process 
at the end of the cochlea of the monotremes and the one and 
a half or more whorls which characterise the hedgehog, the 
marsupial mole, the porpoise and sea-cow. 

The length of the whole labyrinth is 10.25 nim. from the 
outermost point of the posterior canal to the tip of the cochlea. 
The diameter of the tube of the cochlea immediately in front 
of the round window is rather more than 1.25 mm., while 
the diameter of the vestibule in its longest axis is 2.75 mm. 

The superior canal measures 3.0 mm. in its internal, and 
4.5 mm. in its external diameter. The height of the vertex 
above the vestibule is 2.75 mm., and the diameter of the canal 
itself at the vertex is 0.5 mm. The posterior canal measures 
2.75 mm. in its internal, and 3.5 mm. in its external diameter. 
The height of the vertex above the vestibule is 3.0 mm., 
and the diameter of the canal itself at the vertex is 0.75 mm. 
The horizontal canal is 2.5 mm. in its internal, and almost 
4.0 mm. in its external diameter. The height of the vertex 
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above the vestibule is 2.0 mm., and the diameter of the canal 
itself at the vertex is rather more than 0.75 mm. Thus the 
horizontal canal, though the shortest of the three, is also the 
thickest. The oval window measures 1,5 mm, in its longest 
axis. The length of the cochlea from the round window to the 
tip of the organ is 3,0 mm. 

The aqueduct of the cochlea hardly deserves the name. 
It is represented by a narrow constriction between the cranial 
cavity and the perilymph space of the cochlea. The aqueduct 
of the vestibule must be a very fine tube ; the writer was not 
able to find it in the specimen examined by him, though it 
may probably have been present and been broken in the 
process of preparation. 

The superior canal was referred to above as being angular. 
Leaving the ampulla it turns almost immediately at an 
obtuse angle and pursues a straight course upwards and 
backwards until it meets the upper limb of the posterior 
canal. At this junction there is no angular dip between 
the two canals. In other words, the common limb of the 
canals does not form a Y-shaped junction as in the great 
majority of mammals ; the only one of these in which the 
canals are arranged in at all a similar way is the sloth. 

The posterior and horizontal canals are more regularly 
curved than the superior, indeed, the horizontal canal is 
very hke that of other mammals. It hes, however, on a 
relatively lower plane, and its posterior limb opens into the 
ampulla of the posterior canal ; but it could not be definitely 
decided whether there was at this junction an actual com- 
munication between the endolymph spaces of the two canals. 
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The perilymph space is fairly well marked in the canals^ 
though this is not so apparent in the superior as in the 
horizontal canal^ owing to the shrivelling which has occurred 
in the former, the result of a partial drying of the specimen. 

For the microscopic details of the monotreme labyrinth 
the reader is referred to the important papers by Pritchard 
and Alexander. 

Literature. — Hyrtl, Op. cit S. 33, 58, 72. Ibsen, Op. cit p. 46. Urban 
Pritchard, Trans. Roy. Sac. part ii. 1881. Alexander, Ztntralblatt f. Fhysiolog. 
Heft 17, 1903. Denker, Bericht. iiber d. \ote Versammi. d. deutsch. otoiog. 
Gesellsch, zu Braiau^ 1901. Eschweiler. Anat. Anztigtr^ Bd. xvi. S. 584, 



THE VENOUS SYSTEM OF THE LABYRINTH 
OF MAMMALS 

The writer's method of preparing the labyrinth is par- 
ticularly suitable for the purpose of studying the distribu- 
tion of the vessels in the organ ; and it may not be out of 
place therefore, to give a short description of the veins as 
seen in some of the specimens. The method of injection 
was not employed, since in some of the specimens the veins 
were already filled with blood. In some, the object was 
first stained with eosin, which brings into prominence small 
veins that might othen^ise escape observation. The human 
labyrinth was examined in this way. 

While the labyrinth is supplied with blood through a 
single artery, it is interesting to note that the organ is drained 
in several ways. It is as though the importance of adequate 
drainage is almost greater than that of a good supply of 
arterial blood. The necessity for securing efficient drainage 
in all tissues is obvious, but on consideration it will be seen 
that in the labyrinth it is even more imperative than in most 
other structures. In this organ the veins are not supported 
by the surrounding tissues as in other parts of the body, 
but are bathed by watery liquids, and for this reason there 
is more liability to rupture should any blockage occur. But 
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this is not all. The vessels have to pass through narrow 
bony channels before they reach the sinuses within the 
cranium into which they empty themselves^ and in this part 
of their course they cannot dilate in order to accommodate any 
increased amount of blood. The liabihty to distension and 
haemorrhage, therefore, is very great, and it is necessary that 
ready and adequate drainage should be provided. The 
organ might be partially deprived of its blood supply for 
some time without serious harm^ but a blockage in the 
drainage system, even for a few moments, might be followed 
by results which would permanently destroy the delicate 
structures of the organ of Corti and cristae acusticae for all 
functional purposes. In proof of this it may be mentioned 
that it is not at all uncommon to find haemorrhages into the 
labyrinth of animals which have been strangled* Such an 
accident occurred in the case of the platypus, the labyrinth 
of which is shown on p. 80^ vol. ii. 

The blood is drained from the labyrinth by three different 
channels : (i) by a vessel which accompanies the aqueduct 
of the cochlea ; (2) by a vessel which accompanies the auditory 
nerve ; (3) by a vessel which accompanies the aqueduct of the 
vestibule. < 

Of these the first appears to be the most important and 
to drain the largest area. Although, as just stated^ this 
vessel accompanies the aqueduct of the cochlea, it never- 
theless has a bony channel of its own which runs parallel to 
that of the aqueduct. Unfortunately, its preparation for 
the purpose of demonstration is very difficult, and the 
only specimen in which it was completely seen has since 
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been broken. Portions of both vein and aqueduct can be 
seen in Plate I., voL i. They arise close together, the vein 
leaving the cochlea a fraction of a millimetre behind the 
aqueduct. In the plate referred to, the latter structure has 
been broken off short, and only the stump is visible ; but 
the vein, though bent out of its naturally straight course, 
remains intact. It is seen turning in under the cochlea 
instead of running parallel with the aqueduct, as it really 
does. This vein is formed by the junction of those which 
come in from the cochlea, from the ampulla of the three 
canals, and from the vestibule* All the blood from the 
cochlea passes through this channel, into which it is dis- 
charged from a vein descending spirally round the modiolus. 
This spiral vein is formed by the union of three different 
sets of venules. These converge hke the spokes of a wheel, 
the first set coming inwards from the outer surface of the 
whorls and passing along the under surface ; the second set 
coming inwards with the nerves through the lamina spiralis, 
while the third set passes inwards along the upper surface 
of the whorls. Of these sets the first and third are best 
seen in the labyrinths of man (Plate IL, voL i.), and of the 
porpoise (Plate V., voL ii.). The second set consists of much 
shorter vessels, and is best seen in the lowest whorl of the 
cochlea of the seal (Plate XIX,, voL i.). The spiral vein, 
which is formed by the junction of these, descends the cochlea 
just outside the modiolus and joins the vessel which accom- 
panies the aqueduct of the cochlea, as described above. 
(Plate XV., vol. i.). 

But, in addition to the veins from the cochlea, there are 
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others derived from the vestibule and the canals which also 
empty their blood into the vein which passes out, as described, 
parallel to the aqueduct of the cochlea. In Plate II., vol. i., 
it will be seen that a vein comes from the ampulla of the 
posterior canal and another from the vestibule ; these join 
the vein from the cochlea just before it leaves the floor of 
the scala tympani. Further, in Plate XIX., vol. i., it will 
be seen that veins leave the ampullae of the superior and 
horizontal canals, and that they unite to form one vein which 
passes backwards over the outer surface of the vestibule 
to leave the labyrinth along with those already described. 

Thus it is shown that the blood is drained from all 
portions of the labyrinth by way of the vein which leaves 
the organ at the floor of the scala tympani near the opening 
of the aqueduct of the cochlea.^ 

The second channel of drainage is by way of the internal 
auditory meatus. This is best illustrated in Plate XIX., 
vol. i. If the ampullae of the superior and horizontal canals 
be examined, it will be seen that from each of them there 
arise two tortuous veins, and that their method of distribu- 
tion is pecuUar and interesting. One of the veins from the 
superior ampulla joins one of those from the horizontal 
ampulla, and the resulting vein passes over the outside of 
the vestibule to join the veins from the cochlea, as described 
above. The remaining veins from the two ampullae unite to 
form one, which leaves the organ in company with the 
auditory nerve. In the photograph this vein is seen cut off 
in the internal auditory meatus, or, to speak more correctly, 

^ For the phylogenctic significance of this vein, see p. 108. 
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on the posterior surface of the temporal bone, since there is, 
properly speaking, no internal auditory meatus in the seal. In 
this way each ampulla is drained by two quite different sets 
of vessels— one passing out through the bone along with the 
auditory nerve, and the other through the bone which forms 
the floor of the scala tympani. The vein which leaves the 
organ by way of the auditory nerve is very tortuous, while 
that which carries the blood to the floor of the scala tympani 
is comparatively straight- 

The third channel by which the blood leaves the labyrinth 
is by a vessel which accompanies the aqueduct of the vestibule. 
This vein is seen in Plate L^ vol. i. In the particular specimen 
from which this photograph is taken the vein passes through 
a bony canal of its own, but in many examples it is accom- 
modated in the same channel as the aqueduct itself. The 
vein runs parallel to the aqueduct, and opens into the inferior 
petrosal sinus. This vessel drains the blood from a large 
part of the semicircular canals, though no doubt some finds 
its way out through the other veins described previously. 
(The distribution of the venules in the canals themselves 
may be studied in Plates IL, XIX., and XXII., voL i,)- 
A network of minute veins is seen on the convex aspect 
of each canal, and these unite to form two vessels which run 
parallel to one another along the concave surface. These 
veins empty most of the blood from the canals into that 
vessel which has just been described as leaving the organ 
along with the aqueduct of the vestibule. 

The general opinion is that there is no communication 
between the vessels of the labyrinth and those of the middle 
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ear, and the result of these investigations, in agreement 
with those of H)^!!, Eichler and Siebenmann, confirms this 
view. It should be noted, however, that Alexander and 
Politzer claim to have found such communication. 

Literature.— Hasse, Anatom, Anzeiger^ 1886. Schwalbe, Ludwig, Festschr. 
1886. Rauber, Sitzungsber, d, Naturforsch, Geseilsch. zu Leipzig^ 1886. Politzer, 
Arch,f, Ohrtnheilk, fid. xi. Politzer, Die anatom. und histolog, Zergiiederung d, 
menschL Gehor,^ 1889. Eichler, Abhandlung, d, fnaih,-phys, KL d, konigL sacks. 
Geseilsch. d, Wissensch No. 5, 1892. Braunstein and Buhe, Arch.f. Ohrenh. 
Bd. Ivi. Hft. 3 & 4, S. 261. Katz, Arch.f. Ohrenh. Bd. Ivii. Hft. i & 2, S. 127. 
Habermann, Arch.f. Ohrenh. Bd. Ivii. Hft. i & 2, S. 127. Alexander, Arch.f 
Ohrenh. Bd. Ivii. Hft. i & 2, S. 127. Siebenmann, Die Biutgefdsse im Labyrinth 
d. menschl. Ohr^ 1 904. Shambaugh, Arch, of Otology^ vol. xxxiv. No. 6. 
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GENERAL REMARKS ON THE LABYRINTH OF 

BIRDS 

The comparative anatomy of the labyrinth of the birds 
has been studied less than that of any other of the di\dsions 
of the vertebrata. There are several reasons for this neglect, 
the most important being, perhaps, the fact that the whole 
division is outside the main stem of vertebrate descent. 
A second reason for the neglect of the study of the anatomy 
of the labyrinth of birds is the fact that, being so definitely 
speciaUsed for flight there is less opportunity for development 
of the animal in so many different directions, and organs such 
as the labyrinth are apt to present more uniformity of type 
than in other divisions of the animal kingdom. In spite 
of this it is necessary that it should be done, were it only 
that in all scientific work gaps in oor knowledge should be 
filled up where possible. It is curious to note that, from among 
the examples which have been studied by various anatomists 
many of the most interesting orders are absent. Such, 
for example, are the ratitse and tinamiformes which, as will 
be seen later, present peculiar characters. 

Further, it is to be added, that errors have crept into 
the description of the anatomy of the avian labyrinth owing 
to the fact that these descriptions have been arrived at by 
piecing together observations made from microscopic sections. 



94 



THE LABYRINTH OF ANIMALS 



The most striking difference between the labyrinth of 
the bird and that of the mammal is, of course, the absence 
of any complete spiral appearance in the cochlea of the 
former. In this respect, however, it must be remembered 
that among the mammaUa the monotremes show but Uttle 
evidence of a spiral shape in the organ, and, so far as this is 
concerned, there is a slight curvature of the organ in the 
bird corresponding to that of the monotremes. With the 
exception of the monotremes, however, the labyrinth of the 
bird resembles that of the reptiles more than that of the 
mammalia, if the proper reptiles are selected for comparison. 
To say, however, that the labyrinth of the bird resembles that 
of the reptile, without any qualification, as is so frequently 
done, is to make a very obvious error. As a matter of fact, 
the typical labyrinths of these two divisions of the vertebrates 
are as unlike one another as it is possible for two labyrinths 
to be. Of all the reptiles which have been examined, only 
in the alligator does the labyrinth show any real similarity 
to that of the bird. There is also a slight resemblance between 
the labyrinths of the iguana and hatteria and that of the 
bird, but in these cases the similarity is not great. 

One of the most striking differences between the labyrinth 
of the bird and those of the great majority of reptiles is in the 
appearance of the vestibule* In all the birds this cavity is 
very small, and to this rule there is no exception ; in the 
great majority of reptiles, on the other hand, the vestibule is 
by far the largest part of the labyrinth. Further, in the 
reptiles the canals surround the vestibule, as it were, while 
in the birds and the mammals they lie entirely away from 
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it- Again, in the reptile the otoUth structures are large, and 
fill the vestibule in very great part, a condition which is 
not found in the bird or the mammaL With regard to 
the canals themselves, these structures are angular in the 
great majority of reptiles, while in the bird they are always 
rounded, as is also the case in the mammalia. In addition 
to these distinctions there are other differences between the 
two divisions, but these will be discussed separately. At 
present it is only of importance to point out that the resem- 
blance between the labyrinth of the birds and the reptiles, 
which is so frequently referred to, only applies to one order 
of the latter division, the crocodiles, at least so far as investiga- 
tions have hitherto shoun. 

Pigment is rarely found in the labyrinth of the bird in 
sufficient quantities to be seen by the naked eye ; it has 
been found only in the labyrinths of the ostrich, the tinamou, 
and the rhea. When present the pigment is distributed 
most abundantly over the perilymph recess and adjacent 
parts of the cochlea and on the upper surface of the vestibule. 
It is, however, a curious fact that in the birds mentioned 
pigment is also found in the nerves when passing through 
the bone, and there appears to be little doubt that the pig- 
ment is continuous with that found in the dura mater of the 
cranial cavity of these birds. 

The arrangement of the canals in the bird is much the 
same as that found in the mammaha : that is to say, the three 
canals are set approximately at right angles to one another, 
and the ampullae of the horizontal and superior canals are 
at the anterior terminations. There is, however, one feature 
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about the arrangement of the canals in the birds which is 
quite different from that in the mammaha. In the bird 
there is a communication between the hori2ontal and posterior 
canals at the point at which the former passes under the 
latter. The communication occurs between the perilymph 
spaces only of the canals, the endolymph spaces remaining 
entirely apart. This fact may have some physiological 
significance at present unknown. In the mammalia this 
communication was not supposed to exist, but, as will be 
remembered, it was found by the writer in the case of the 
common mole, the marsupial mole, the phascologale, and, 
more doubtfully, in the dromedary (vol. i., p. 145). In spite 
of these exceptions, however, it is undoubtedly the case 
that this communication between the two canals is an 
important one. It is one of the features in which the labyrinth 
of the bird resembles that of the reptiles more closely than 
does that of the mammalia, for the channel is, as a rule, found 
in the reptiles. Before concluding the reference to this 
characteristic feature of the labyrinth of the bird, it must 
be noted that it is not uniform throughout the division, as 
has been supposed, the writer having discovered two excep- 
tions to the rule, these being the ostrich and the apteryx. 
These exceptions are particularly interesting when we 
remember that they both are regarded as being rather less 
distantly removed from the reptilian stock than almost any 
other. The only other birds of those examined that can 
claim anything like the ancient Hneage of the ostrich and 
apteryx are the rhea and the tinamou. In both of these 
the communication between the canals is present in quite the 
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usual manner ; but it is to be observed that both are New 
World species. We are thus faced by apparently con- 
tradictory facts. This communication, which is a usual, 
though not invariable, feature of the reptihan labyrinth, 
is absent from two of the very orders which are most closely 
alhed to the reptiles, while those birds which are supposed to 
be more distant from the reptilian stock invariably possess 
it. Either the ancestors of the ostrich and apteryx possessed 
this channel of communication and gradually lost it wliile 
the other orders of birds retained it ; or, the particular species 
of reptiles from which birds are descended did not possess 
it, and the majority of birds have acquired it. It is unfor- 
tunate that up to the present time the writer has not had 
an opportunity of examining the labyrinth of the emu or 
cassowary, an examination w^hich might throw some light upon 
the relationship of these ancient and very interesting birds. 

While referring to this communication between the 
posterior and horizontal canals, it may be mentioned that 
there is also a communicating channel between the superior 
and horizontal canal in some orders of birds. The labyrinth 
of the buzzard show^s this arrangement very clearly, but 
the condition is rather the exception than the rule, being in 
this respect very different from that just described. When 
present the communication occurs in the posterior portions 
of the two canals, and not near their vertices, as is the case 
in respect to the communication previously described. In 
both cases the perilymph spaces only communicate, the 
endolymph spaces always remaining quite separate. 

The dimensions of the canals in birds never vary to the 
II. 7 
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same extent as in mammals, taking the cetacea and the 
lemurs as the two extremes of the latter division. In the 
writer's opinion this is explained by the fact that in birds 
the movements of the head are never so limited by ankylosis 
of the vertebrae as in the cetacea. 

Speaking in general terms, it may be said that the canals 
vary more in their disposition than does the coclilea. There 
are, however, several characteristics about the canals which 
never vary, such as the constant number of three, as is the 
case in the mammalia, Again^ the superior canal is almost 
invariably the largest of the three in the bird, and in this 
feature the division is quite unhke the mammalia, in which 
the posterior frequently and, even in one case, the cetacea, 
the horizontal is the longest* With regard to the perilymph 
space, it is never quite obliterated at any part in the course 
of the canals in the bird, this being the reverse of the condi- 
tion found in the majority of the mammals. In this respect 
the labyrinth of the bird is similar to that of the reptile and 
amphibian* Referring to this matter it must also be pointed 
out that the endolymph space always occupies the outer 
portion of the bony canal, as in other divisions. The ampullae 
of the canals vary considerably, both in regard to their relative 
size and to the complexity of the crista acustica. It may 
be said that in some examples, such as the buzzard, the 
ampulla is larger and more complex in structure than in any 
of the mammalia, reptiles, or ampMbia which the writer 
has had the opportunity of examining. Along each lateral 
wall of the ampulla is a fan-shaped structure, and between 
these two, and therefore occupying the floor of the ampulla^ 
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is another portion of the neuro-epithelium. This latter 
portion varies in different orders. In some it consists of a 
single conical crest^ while in other orders three crests are 
present. The writer has termed these the ' simple ' and 
* complex ' types of cristae respectively, and they are referred 
to in the text by these names. The planes in which the 
canals lie are approximately at right angles to one another, 
as in the mammalia — a rule which is certainly not invariable 
in the case of the reptiles. 

Perhaps the most variable feature in the appearance 
of the canals of the bird is the shape of the superior canal. 
Further, it is interesting to note that this feature varies 
with the different orders, so that it may be of help in classifica- 
tion, w^hich^ in the birds, is a difficult subject, and has given 
rise to much discussion. The two types of the superior 
canal which the writer has found may be termed the ' upright ' 
and the ' drooping ' types. In the former the anterior 
limb of the canal rises almost vertically from the ampulla, 
and, having reached a certain height, turns comparatively 
sharply backwards in a horizontal direction, and finally 
curves downw^ards and forwards to enter the vestibule again. 
As a result of this disposition the long axis of the canal is 
frequently almost vertical, as may be seen, for example, in 
the labyrinth of the pigeon. In the second type the anterior 
limb of the canal does not rise vertically from the ampulla, 
but passes upwards and backwards before curving downwards 
and forwards to enter the vestibule. Hence the long axis 
of the canal in this case is not vertical, but lies in a direction 
obUquely upwards and backwards, as may be seen in the 
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labyrinth of the domestic fowl and the duck. In the descrip- 
tion of the labyrinth of the individual birds the type of 
superior canal which it possesses will be mentioned, so that 
it is important for the reader to remember these names. 

The vestibule of birds is a very small space ; smaller, 
indeed, relatively to the rest of the lab3'rinth, even than in 
the mammalia. The saccule is much smaller than the utricle, 
and it is the latter cavity w4iich contains the otoliths, which 
are usually of a size sufficiently large to be seen by the naked 
eye. Frequently there is one otolith present in the utricle, 
but occasionally two are found. They are flat, and He in 
the horizontal plane, and are often triangular in shape, 
being similar to those found in rare cases in the mammalia 
such as the sea-lion and sea-cow. The apex of the triangle 
is directed forwards and the position which they occupy is 
the same as in the mammalia, that is, immediately internal 
to and behind the openings of the ampullae of the superior 
and horizontal canals. 

The aqueduct of the vestibule in the bird is not so long 
as in the mammalia, and indeed it appears rather as a perfora- 
tion of the thin layer of bone which separates the vestibule 
from the cranial cavity, than as an actual tube. It is, 
however, very fine, and only in a few cases did the writer find 
it possible to preserve it in the course of preparation. The 
oval window forms an ellipse, w^hich is broader than that 
of the mammalia. The round window is absent in some birds 
—e.g. the ostrich. 

In its macroscopic features the cochlea of the bird is much 
simpler than in the mammahaj and it does not undergo so 
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much variation as in the latter. It consists of a tube more 
or less curved, but never approaching the spiral type. It 
varies, however, considerably in length, being proportionately 
shortest in the ostrich and longest in the owl and thrush. 
The curvature is such that the convex surface faces downwards 
and forw^ards, and to a slight extent outwards. The cochlear 
branch of the auditory nerve runs from without inwards 
and forwards along the concave upper surface of the organ, 
and sends filaments in its course downwards through a small 
piece of cartilage to terminate in the basilar membrane. At 
the internal extremity a bundle is sent directly inwards, 
which, radiating in a fan-like manner, terminates in the 
lagena ; in some of the photographs these fibres may be seen. 
In order to understand the relationship of the structures 
contained within the tube of the cochlea, it is necessary to 
make transverse sections of the organ and examine them by 
means of the microscope. As the writer has no intention 
of considering this aspect of the subject, but only wishes to 
deal with the macroscopic appearances, the finer details will 
be mentioned as briefly as possible. 

Immediately below the nerve of the cochlea is the cartilage 
just referred to, through which fibres pass to enter the basilar 
membrane. The latter membrane is attached along its 
upper margin to this cartilage, while below it is attached to 
a second plate of cartilage. These two plates of cartilage 
run along the cochlea from the vestibule, but at their inner 
extremity they meet at the lagena. The endolymph space 
of the cochlea is bounded on one side by the basilar membrane, 
as in the mammaUa, w^hile on the other sides it is bounded 
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by anoUier fine membrane which cun^es downwards and 
forwards from the upper cartilage to the lower. In the 
anterior and inferior portions of this membrane is a curious 
structure, the tegmentum vasculosum. This structure con- 
sists of a series of comparatively large venous spaces running 
out parallel to one another from a central vein. The 
appearance is not unlike that of a rake, the teeth of the rake 
lying in a direction transverse to the long axis of the organ. 
The tegmentum vasculosum runs the whole length of the 
cochlea, and does not, in all birds, stop at the termination 
of the basilar portion, as stated by Retzius, but occasionally 
passes inwards to the lagena, as may be seen in the labyrinth 
of the duck (Plate XXV.). In the thrush, on the other hand, 
it does stop at the end of the basilar portion^ the veins of the 
lagena being in the form of a clump of intertwining vessels 
(Plate XXXVI L). 

The membrane containing the tegmentum vasculosum 
of birds corresponds in part to the stria vascularis, and in 
part to the membrane of Reissner in mammals. The number 
of venous spaces in the tegmentum vasculosum varies in 
different birds, and the degree of its development indicates 
the richness of the blood-supply to the cochlea, and therefore 
the functional acti\dty of the organ. Hence it is not sur* 
prising to find that of all the birds examined the thrush has 
this structure developed to the highest degree, there being 
fifty-eight venous spaces. In the duck there are forty*two, 
in the heron twenty-seven, and in the buzzard twenty-three. 
In the photograph of the labyrinth of the owl the tegmentum 
vasculosum hardly shows at all^ the blood being distributed 
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more in the canals and vestibule than in the cochlea at the 
time of death. 

The other structures in the coclilea, such as the basilar 
membrane and the two cartilages, are so transparent that 
they are hardly seen in the photograph. The nerve itself, 
however^ is opaque, and is seen at the upper margin of the 
organ. By means of the two cartilages and basilar 
membrane the cochlea is divided in its outer portion into 
two cavities, the scala tympani and the scala vestibuli. 
These two cavities communicate with each other through 
the helicotrema exactly as in the mammalia, and this may be 
seen in some of the photographs immediately internal to 
the point at which the nerve terminates before sending fibres 
inwards to the lagena. A large vein is frequently seen 
passing through the helicotrema. The scala tympani itself 
is also divided into two channels by means of the tegmentum 
vasculosum, and there are thus three channels corresponding 
to the scala tympani, the ductus cochlearis and the scala 
vestibuli of the mammalia. On passing inwards, however, 
towards the lagena the three channels become replaced by 
two, the scala tympani being obliterated by the union of its 
walls. The scala vestibuli also is much reduced in size, and the 
lagenar portion consists for the most part of the expanded 
termination of the ductus coclilearis. At the same time, 
the two sUps of cartilages to wliich the basilar membrane is 
attached in the basilar portion become united and support 
the neuro-epithelium of the lagena. 

The lagena is a saddle-shaped structure at the tip of the 
cochlea, with the concavity of the saddle facing downwards^ 
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and the cochlear nerve terminates, as described, by spreading 
out fan-like towards it, the fibres passing into the specialised 
neuro-epithelium which is found there. In the lagena there 
is found in most birds a collection of otoliths, which also are 
sometimes arranged in a saddle-shaped manner over the 
neuro-epithelium. 

There remains to be described a structure which bulks 
largely in the labyrinth of the bird. This is a cavity known 
as the perilymph recess — recessus perilymphaticus or recessus 
scalae tympani. It consists of a hollow sac which opens 
out of the scala tympani through a wide elliptical opening at 
the outer, inferior and posterior portion of the cochlea near 
the junction of the latter with the vestibule. The shape of 
the perilymph recess varies considerably in different orders, 
and the various shapes will be noted in the descriptions 
given to the individual birds ; the commonest shape is 
roughly oval. 

So far as the present writer*s investigations go, the peri- 
lymph recess is present in all birds, though, in very rare 
cases, it is much reduced in size. It is, therefore, surprising 
that such careful anatomists as Retzius and Hasse, although 
aware of its existence in some birds, have not depicted 
it in others, such as the goose, the pigeon and the thrush, in 
which it is undoubtedly present. Tills is doubly unfortunate, 
since the omission has led to further errors, such as incorrect 
descriptions of the aquaeductus cochleae, and the failure 
to recognise the presence, or at least the correct course, of 
a small nerve which passes to the perilymph recess. Further, 
the perilymph recess has interesting phylogenetic relation- 
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ships. No apology therefore is needed for giving a rather 
fuller and more correct description of the cavity than has 
been done before. 

Seen from above, the usual shape of the cavity is oval 
(Plate XX v.) ; but when viewed from the outer aspect it will 
be noted that the nearest, that is, the outer anterior surface, 
is flat. Thus it is hke an egg cut obliquely in half, the flat 
anterior and outer surface being occupied in its lower half 
by the round window (in those birds which have a round 
window) (Plate XXXIV.), and bordered above by the oval 
window. 

The other surfaces of the perilymph recess are rounded 
in most birds. The outer extremity of the cavity reaches 
almost to the ampulla of the posterior canal, while the inner 
extremity is found behind the middle of the cochlea • At 
the outermost extremity the wall of the perilymph recess 
receives a small nerve twg w^hich leaves the nerve to the 
posterior ampulla just before it enters the ampulla (Plates 
XVIIL, XXVIL, XXX.). The twig has pigment deposited in 
it, in those birds in which pigment is found in the other 
nerves of the labyrinth, e.g. the ostrich and tinamou. The 
writer cannot say at present what is the ultimate destination 
of this little nerve- twig, and it has not been described before. 
Retzius, however, describes a twig which also leaves the 
nerve to the posterior ampulla and goes to the macula 
neglecta in a direction almost the opposite to that found by 
the present writer. It may be found that the two nerves 
are really the same, but that Retzius has described its course 
incorrectly. The nerve described by the writer is present 
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in most birds, and possibly in all, but may have been broken 
in those in which it is not seen. 

The aqueduct of the cochlea — or ductus perilymphaticus, 
as it is sometimes called— is another structure which has been 
described incorrectly in the bird, owing in part to the failure 
to recognise the significance of the perilymph recess^ and in 
part to the attempt to ascertain its relationships by the 
examination of a series of microscopic sections. Retzius, with 
his deep anatomical insight, realised this last difficulty, and 
does not pretend to have found it. He injected coloured 
fluid into the tip of the cochlea and found that it penetrated 
into the cranial cavity behind the middle of the organ, 
presumably by way of the aqueduct of the cochlea ; but he 
admits his inability to find the tube in microscopic sections. 
Hasse and Breschet, on the other hand, thought that they 
discovered it as a very fine tube leaving the scala tympani 
close to the round window and, passing upwards through the 
wall of the cochlea, opening into the cranial cavity behind 
the middle of the cochlea. The only correct portion of this 
description is the statement that the duct opens behind the 
middle of the cochlea. 

The real relationships and course of the aqueduct of the 
cochlea may be seen in several of the photographs, and it 
will be observed that it varies both in calibre and position 
in different birds. In perhaps the majority of birds it opens 
obliquely out of the posterior and inner wall of the perilymph 
recess, and, as a comparatively wide tube, curves upwards 
in close contact with that cavity and opens behind the middle 
or outer third of the cochlea. Examples of this type are 
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the heron (Plate XXIV.), the buzzard (Plate XXVL), and the 
carrion crow (Plate XXXIV.). In some birds, however, 
the aqueduct of the cochlea rises from the inner and upper 
extremity of the perilymph recess, and after running a very 
short course through the bone, opens into the cranial cavity 
behind the middle of the cochlea. In these birds the aqueduct 
is finer than in the type previously described ; such, for 
example, are the ostrich (Plate XVIL), the tinamou (Plate 
XXVIL), and the thrush (Plate XXXVIL). In a number of 
the photographs the aqueduct is not seen, owing either 
to the fact that it has been broken off in preparation, or 
to the position from which the photograph was taken. 

It is interesting to note that in birds, as in mammals, 
the blood is drained from the coclilea by a vein which 
accompanies the aqueduct of the cochlea. In several of the 
photographs it will be seen that a comparatively large vessel 
comes through the helicotrema, passes outwards along the 
cochlea, turns over on to the perilymph recess, and after 
uniting with vessels from other parts of the labyrinth, passes 
out in company with the aqueduct (Plates XXV,, XXVI., 
XXXVIL). 

But the interesting features of the perilymph recess do 
not end here, for it has phylogenctic relationships which 
have only in part been demonstrated hitherto. Retzius and 
other anatomists have found the perilymph recess in the 
reptiles, and the present writer has found it in the teguixin 
and in the stump-tailed lizard, in that irregular collar which 
partially surrounds the base of the cochlea, and which 
contains the aqueduct of the cochlea. 
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In the mammals, on the other hand, the vestige of the 
perilymph ipiMchas not yet been described owing to the fact 
that differences in shape of the cochlea have not received 
sufficient attention. Nevertheless, it is true that in many 
mammals there is a very definite vestige of the perilymph 
recess in that bulging of the floor of the scala tympani 
described by the writer (voL i., Plates XIIL, XIV., XXIL, 
and vol. ii., Plate X.)* In the kangaroo the bulging is so 
marked that it might be allowed to retain the name peri- 
lymph recess, as in birds and reptiles. Thus it comes about 
that, in all mammals in which the bulging of the floor of the 
scala tympani is present, the aqueduct of the cochlea leaves 
the labyrinth at the most prominent part of the bulging, 
the remaining portions of the perilymph recess having been 
gathered in, as it were, to fonn the floor of the scala tympani 
in this region. In some mammals, such as man and the 
primates in general, the bulging has completely disappeared 
and the aqueduct opens abruptly from the floor of the scala 
tympani. 

Further, we can now understand why the main channel 
for the drainage of blood from the labyrinth should be 
by the vein accompanying the aqueduct of the cochlea 
(see p. 86. voL ii.). In the reptile this is by far the widest 
communication through the bone between the cranial cavity 
and the labyrinth, and the same is generally, though not 
always, true of birds and mammals. In man, however, 
the bony channels containing the aqueduct of the cochlea 
and the accompanying vein have become long and extremely 
fine. This is a point to which pathologists and aurists might 



GENERAL REMARKS— BIRDS 109 

pay particular attention, since obstruction, both to the 
drainage of blood and to the flow of the perilymph, might 
occur very easily and lead to difficulties in the blood-supply of 
the organ and to interference with the tension of the intra- 
labyrinthine fluids respectively. 

Before proceeding to describe the individual labyrinths 
of the birds, it should be noted that the classification adopted 
is that of Gadow, as drawn up in his work, ' A Classification 
of Vertebrata, Recent and Extinct/ Examples have been 
obtained of all the orders except Sphenisciformes (Penguins) 
and Procellariiformes (Puffins, &c.). In a few orders two 
examples are given. 

The anatomy of the labyrinth of birds is not so well known 
to the great majority of anatomists as is the mammalian 
labyrinth. In order, therefore, to help the reader, lettering 
has been applied to two of the plates, and it will very materially 
assist him if he studies these plates carefully before 
beginning to read the text and examine the remaining plates. 
The lettering naturally diminishes the beauty of the photo- 
graphs, and for that reason has been restricted to Plates XXX. 
and XXXIV. 
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PLATE XVII 

THE RIGHT MEMBRANOUS LABYRINTH OF THE MASAI OSTRICH 

S/ruiAU masai 

X 3 

The organ is viewed from the outer aspect and is rotated counter- 
clockwise to the extent of about 30^. The superior canal is of the droop- 
ing type and the cristse in the ampullae are simple. In the middle of the 
vestibule is seen the oval opening of the aqueduct of the vestibule. 
The flat triangular otoUth is seen edgewise immediately behind the 
ampullae of the superior and horizontal canals. The nerves are deeply 
pigmented, including the twig passing from the nerve of the posterior 
ampulla to the perilymph recess (see text). The cochlea is small, 
particularly in the basilar portion, and there is a sharp beak at 
the tip of the lagena. The perilymph recess has two nipple-like 
projections, that nearest the tip of the cochlea being the aqueduct 
of the cochlea. The lower portion of the perilymph recess has been 
broken off. It may be seen undamaged in Plate XVIII. 
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THE MEMBRANOUS LABYRINTH OF THE MASAI OSTRICH 



Struthio masai 

The author has already published, in the ' Proceedings of the 
Royal Society of London ' (B, vol. Ixxviii, p. 284), a descrip- 
tion of the labyrinth of the Masai ostrich. Since, however, the 
specimen from which that description was taken was broken^ 
it will not be out of place to give a more complete and 
correct account of this which is in many respects the most 
interesting labyrinth of the birds. 

The labyrinth is the largest found in any bird, but since 
the cochlea is small, the actual length is little more than 
that of the gannet. Indeed^ the whole organ is not so much 
larger than that of the latter as one would expect, consider- 
ing the differences in the size of the two birds ; but it must be 
remembered that the head of the ostrich is small in propor- 
tion to the body, and the labyrinth bears a closer relationship 
to the size of the head than to the size of the body. 

The whole organ measures 18.0 mm, from the vertex of 
the superior canal to the tip of the cochlea. The cochlea 
has a length of 6.0 mm. from the tip to the anterior margm 
of the oval window. The diameter of the tube of the 
cochlea opposite the oval window is 2.5 mm. 
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The vestibule, which is rather small, measures 3.5 mm. in its 
longest diameter, and the major axis of the oval window has 
a length of 2.5 mm. 

The superior canal measures 7.5 mm. in internal, and 
XI. mm. in external diameter. The height of the vertex of 
the canal above the vestibule is 9.5 mm., and the diameter 
of the canal itself at the vertex is rather more than 1.5 mm. 
The posterior canal has internal and external diameters of 
5.5 mm, and 8.5 mm. respectively. The height of the vertex 
of the canal above the vestibule is 3,5 mm., and the diameter 
of the canal itself at the vertex is 1.5 mm. The horizontal 
canal measures rather more than 4.0 mm. in internal, and 
8.5 mm. in external diameter. The height of the vertex of 
the canal above the v^estibule is 40 mm., and the diameter 
of the canal itself at the vertex is 1,5 mm. 

The perilymph space is well marked in all the canals, and 
the ampullae are relatively rather small. The cristae acusticae 
of the ampullae are simple, there being only one crest in that 
portion which lies on the floor of the ampulla. In the laby- 
rinth of the ostrich there is no communication between the 
posterior and horizontal canals at the point at which they 
cross ; the only other bird of those which have been examined 
that is possessed of this pecuharity is the apteryx. The 
significance of this condition has already been discussed on 
page 92, and there is, therefore, no need to refer further to the 
subject at present. Otoliths of a size sufficient to be 
recognised by the naked eye are found in the vestibule. In 
some examples only one otolith was found, while in others 
two were present. The otoliths are flat, and are found in the 
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usual place immediately behind and internal to the ampulla 
of the superior and horizontal canals. The aqueduct of the 
vestibule is represented by an oval opening on the upper sur- 
face of the vestibule very similar to that found in the apteryx. 
The cochlear portion of the labyrinth is almost as peculiar 
as the canals and vestibular portions. In its general appear- 
ance the cochlea is short and thick^ and at the tip there 
is a peculiar beak-like projection inwards. This projection 
is very characteristic, and, since it was found in all the four 
specimens examined, is not a mere individual abnormality. 
It is present to a slight extent in the rliea, and in both birds 
the tip of the .organ is unlike that of any other, whether 
of the rounded or bulbous shape* In none of the specimens 
examined could any trace of the tegmentum vasculosum 
be seen, and if further examination corroborates this find- 
ing, then the ostrich is unique among birds in this respect. 
The basilar portion of the cochlea is extremely short, 
as may be seen in Plate XVII., in which the vein passing 
through the helicotrema indicates its termination. The 
insignificant size of this portion of the cochlea and the 
apparent absence of the tegmentum vasculosum may possibly 
be associated with the fact that the ostrich is a * decidedly 
silent bird ' ('Cambridge Nat. Hist,/ voL ix. p. 29), tliough it 
occasionally utters a hoarse, mournful note. The write'' 
has not been able, however, to learn, on reUable authority, 
w^hcther the bird's sense of hearing is acute or not. 

The perilymph recess is large and roughly oval. On its 
upper wall there are two projections, one at tlie inner and 
the other at the outer extremity. The inner one is the 
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aqueduct of the cochlea, but the outer one appears only to 
give passage to a blood-vessel. The somewhat unusual position 
of the aqueduct of the cochlea has already been referred to 
on p. 107. The siuiace of the perilymph recess and cochlea, 
except the tip, is covered with pigment. The actual deposit 
is not quite so regular as that found in the tinamou, but the 
surface covered is much more extensive. The nerves of the 
labyrinth are also covered with pigment, and even the twig 
which the perilymph recess receives from the nerve to the 
posterior ampulla is pigmented. 

A collection of small otoliths is present in the lagena. 




PLATE XIX 

THE RIGHT MEMBRANOUS LABYRINTH OF THE AMERICAN RHSA 



The organ is suspended by the superior canal and is viewed from 
behind. The veins are dilated in all parts of the labsninth, and in the 
perilymph recess there is a blotchy deport of pigment. The superior 
canal is of the drooping type, and the peril}maLph space is well developed 
in all the canals. In transverse section the ampolls are triangular 
in shape, as is seen in the ampulla of the superior canal. There is a 
commtmication between the posterior and horizontal canals, this 
labyrinth differing from those of the ostrich and apteryx in this respect. 
The cristae acusticae in the ampullae are not complex. The cochlea is 
short relativdy to its breadth, and the peril}maLph recess is large and 
oval in shape. A nerve is seen running from the branch which supplies 
the posterior ampulla across to the external wall of the perilymph 
recess. 

The cartilaginous framework within the cochlea is seen to consist 
of one piece of cartilage bent sharply upon itself at its outer part, 
and not of two different cartilages, as is usually described. The tegmen- 
tum vasculosum is well shown on accoimt of the venous congestion. 
The helicotrema is seen to the left, near the tip of the cochlea, with a 
vein passing through it. The cochlear nerve is short and thick, and is 
seen above the upper limb of the cartilaginous framework. The 
otoliths in this labyrinth are small, and are only seen in the lagena. 
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THE MEMBRANOUS LABYRINTH OF THE AMERICAN RHEA 

Rhea americafta 

It is unfortunate that the labyrinth of the rhea was not 
measured before it was finally put into xylol owing to a mistake 
on the part of the writer ; and it is impossible to measure 
accurately the various parts after the paraffin has been 
removed. The measurements, therefore, cannot be given, but 
it may be said that, as regards size, the organ is a little smaller 
than that of the ostrich. 

The superior canal is of the drooping type, but is not 
particularly hke that of the ostrich, the latter forming a 
broader ellipse. There is a communication between the 
perilymph spaces of the horizontal and posterior canals, 
a feature in wliich this labyrinth is similar to those of the 
great majority of birds^ and unlike those of the apteryx 
and ostrich. Further, pigment is present only in small 
quantities on the perilymph recess. The cochlea of the 
rhea, like that of the ostrich, is relatively short, and is also 
similar to the organ as found in the ostrich in that the tip 
of the organ is pointed, a condition the reverse of that found 
in almost all other birds. The perilymph recess is very 
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large in both the rhea and the ostrich, in fact it may be said 
that in these animals this cavity reaches its greatest develop- 
ment. 

In the rhea there is to be found, as in most birds, that 
nerve twig which passes from the branch to the posterior 
ampulla across to the perilymph recess. It is clearly shown 
in the photograph, but is not pigmented as in the ostrich and 
tinamou. The ampullae of the canals are almost triangular 
in transverse section, but are not proportionately quite 
so large as in many birds, neither is the arrangement of the 
neuro-epithelium of the ampullae complex in its disposition, 
though the fan-like distribution at the sides of the ampullae 
may be seen in the photograph. 

The otoliths of the rhea are not a marked feature of 
the labyrinth ; indeed, in the vestibule none w^re to be 
found of a size sufficient to be recognised by the naked 
eye in either of the specimens examined* At the tip of the 
cochlea, however, a small otolith was found, but it was not 
so large as those usually seen in this situation. 

In the labyrintlis of the rhea examined by the writer the 
veins were dilated with blood, and consequently they may 
be seen very clearly in the photograph. One of the veins 
in particular may be seen running through the helicotrema 
on the upper surface of the cochlea near the tip of the organ. 
Further, in consequence of the filling of the veins with blood, 
the tegmentum vasculosum is seen very clearly. In this 
feature the rhea is very different from the ostrich, in which 
the tegmentum vasculosum was not found at alL The 
number of parallel venous spaces in this structure is small 
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in the rhea, reaching only to about twenty, as compared with 
fifty-eight in the thrush. 

Although the cochlea is relatively short in the rhea, it is 
distinctly longer than in the ostrich, and this applies in 
particular to the basilar portion. The perilymph recess is 
large, but the aqueduct of the cochlea is not seen in the photo- 
graph, so that no comparison can be made between the 
birds in this respect. 



PLATE XX 

THE RIGHT MEMBRANOUS LABYRINTH OF MANTELL'S APTERYX 

Apteryx viantelli 

X 5 

The organ is suspended by the superior canal and is viewed from 
behind. The perilymph space is well marked in all the canals. There 
is no conmiunication between the posterior and horizontal canals, 
the labyrinth in this respect being similar to that of the ostrich. 
The cristae acusticae in the ampullae are not complex. A branch 
from the nerve to the posterior ampulla is seen running across to the 
perilymph recess. The aqueduct of the vestibule is seen as an oval 
opening on the same level as, and immediately internal to the ampulla 
of the posterior canal. The large black mass in the vestibule is the 
otolith, which is proportionately larger in the apteryx than in any 
other bird. The hazy outline of the otohth as seen in the photograph 
is due to diffraction. The cochlea is relatively thick in proportion to 
its length, and the perilymph recess is very large. The cochlear branch 
of the auditory nerve is short and thick. An otoUth is present in the 
lagena. 
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As might well be understood, the labyrinth of the apteryx 
is one of the most interesting of those of the birds, hardly 
surpassed indeed by that of the ostrich, with which it has 
some features in common. 

The whole organ measures 10.5 mm, in length from the 
outermost point on the vertex of the superior canal to the 
innermost point on the tip of the cochlea. The diameter of 
the cochlea just in front of the oval window is 2.0 mm., and 
the length of the organ from the front of the oval window 
to the tip is rather more than 2*5 mm. This proportion of 
length to breadth might not at first sight appear to be 
correct, judging from the photograph, but it must be pointed 
out that the anterior margin of the oval window is placed 
some distance from the beginning of the cochlea. The cochlear 
nerve is comparatively small, and appears as a stump on 
the upper surface of the organ. The tegmentum vasculosum 
contains a considerable number of parallel venous spaces^ 
and the basilar portion of the cochlea appears to be altogether 
more highly developed than in the ostrich. The develop- 
ment of the coclilea, however, falls short of that of most 
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birds, especially in regard to the size of the nerve. The 
lagena forms a very large part of the cochlea, and, as a result 
of this disposition, the helicotrema is found almost in the 
middle of the upper surface of the organ. An otolith of 
considerable size is found in the lagena along the anterior 
border. The tegmentum vasculosum is well marked, and 
the perilymph recess is oval and large, being, in fact, of greater 
cubic capacity than the cochlea itself. 

The vestibule is a difficult cavity to measure in the bird 
on account of its irregular shape, but its greatest diameter 
in the apteryx is rather less than 3.0 mm. There are two 
features of particular interest in the vestibule of the apteryx, 
the otolith and the aqueduct of the vestibule. With regard 
to the first of these it may be said that the otolith of the 
vestibule is the largest found in any animal higher than the 
reptiles. It is oval in shape, and occupies a considerable 
portion of the vestibule, forming the most important feature 
of the cavity, not an insignificant crystal as in other birds 
and in mammals. It is seen in the photograph as a dark 
mass in the utricle, but is in reality w^hite in colour. The 
blurred edges in the photograph are due to the diffraction of 
fight caused by the edges of the structure. It is interesting 
to note, moreover, that the otolith does not consist of a single 
crystal, but of an accumulation of numerous small ones, as 
in the reptiles and amphibia. The other feature of interest 
in the vestibule is the aqueduct. To term it an aqueduct, 
however, is hardly correct, since it consists of a comparatively 
large elliptical opening on the posterior surface of the 
temporal bone. It is seen very clearly in the photograph 
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situated between the otolith and the ampulla of the posterior 
canal. The writer has not found the aqueduct of the vestibule 
in any other bird similar to that of the apteryx ; but, since 
it is usually a difficult structure to find, there may be other 
examples of this peculiar condition. The writer, how^ever, is 
inclined to think that in this respect the bird under con- 
sideration is really unique, since the condition is not present 
in the rhea, the ostrich or the tinamou : that is to say, in 
the very species in which one might expect to find it. It 
would be interesting to look for this condition in the emu and 
the cassowary. 

The oval window is large, measuring i.o ram, in its longest 
diameter. 

The superior canal measures 4.0 mm. in internal, and 
rather less than 6*0 mm. in external diameter. The height 
of the vertex of the canal above the vestibule is 4.5 mm*, and 
the diameter of the canal at the vertex is 1,0 mm. The 
superior canal in the apteryx is not so large relatively to 
the other two canals as is usual. Further, the posterior 
portion of the superior canal in the apteryx turns at an angle 
rather than as a gradual curve, such as is found in all other 
birds. This peculiarity may be a remnant from the reptiMan 
type of cochlea, for as will be seen later, in the reptiles this 
canal is usually angular. The posterior canal measures 
3.0 mm. in internal, and 4.0 mm. in external diameter. The 
height of the vertex of the canal from the vestibule is 2.0 mm., 
and the diameter of the canal itself at the vertex is 1,0 mm* 
The horizontal canal measures 2.5 mm, in internal, and 4.0 mm. 
in external diameter. The height of the vertex of the canal 
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COLYMBIFORMES 

THE MEMBRANOUS LABYRINTH OF THE RED-THROATED 

DIVER 



Colymhus sepientnonalis 

The colymbi formes are admittedly an archaic type of bird, 
but judging from the labyrinth they mark a distinct advance 
on the ratitae, at least, so far as can be gathered from those 
described in the preceding pages. 

The labyrinth of the red-throated diver measures 13.0 mm. 
from the vertex of the superior canal to the tip of the cochlea. 
The diameter of the tube of the cochlea just in front of the 
oval window is 2.0 mm., and the length of the organ from 
the front of the oval window to the tip is 4.5 mm. The 
cochlea is a somewhat pointed structure, being in this respect 
unhke that of most birds. The lagena is long, and there 
is the usual collection of otoliths in this region. The heli- 
cotrema is not so near the tip of the organ as is usual in birds, 
but is placed about the middle, as in the apteryx* The 
perilymph recess has been broken, and its size and shape 
cannot be reported, but the twig which it usually receives 
from the nerve to the posterior ampulla is present. 

The vestibule measures 4.5 mm. in its longest diameter, 
and the major axis of the oval window 175 mm. A com- 
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paratively large otolith is found in the usual place^ — that is, 
immediately behind and internal to the openings of the 
ampuUre of the horizontal and superior canals. 

The superior canal measures 6,0 mm. in internal, and 
7.75 mm. in external diameter. The height of the vertex 
of the canal above the vestibule is 575 mm., and the diameter 
of the canal itself at the vertex is i.o mm. The posterior 
canal measures 4.0 mm. in internal, and 6.0 mm. in external 
diameter. The height of the vertex of the canal above the 
vestibule is 3.0 mm., and the diameter of the canal itself 
at the vertex is i.o mm. The horizontal canal has internal 
and external diameters of 4.25 mm. and 6,25 mm. respectively. 
The height of the vertex of the canal above the vestibule is 
3.5 mm., and the diameter of the canal itself at the vertex is 
1.0 mm. 

The peril>*mph space is not very well marked in the 
canals. 

The superior canal is distinctly of the drooping type, and 
the eUipse which it forms is much narrower than that of the 
gannet. The posterior limb of the superior canal does not 
descend low, so that there is no communication betw^een it 
and the posterior limb of the horizontal canal, though, of 
course, the usual communication between the horizontal and 
posterior canals is present. The non-ampuUary ends of the 
superior and posterior canals unite and form a common 
crus some Uttle cUstance from the vestibule, and in this 
respect the labyrinth is in contrast with that of the gannet, 
in which all three canals open into the vestibule together. 

The cristas acusticcC of the ampulLx are complex, there 
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being three crests in that part of the neuro-epitheUum which 
hes on the floor of the ampulla. The fan-like structures on 
the lateral walls of the ampullae are present as usual. 

A minute trace of pigment is present on the upper surface 
of the vestibule at the point at which the aqueduct leaves 
the cavity. It is in the shape of an inverted V, and may be 
seen in the photograph demonstrating the position of the 
aqueduct. 

The cochlea is almost straight, and should be compared 
with those of the domestic hen, the crow and several others. 
The cochlear nerve is very short, and the portion which goes 
to supply the basilar portion of the organ is small. As 
stated above, the lagena is large, and altogether it would 
appear that the basilar portion is relatively poorly developed. 
Literature. — Huschke, Arch,f, Anat, Physiolog, u, Wissensch, Med. 1835. 




CICONIIFORMES 

THE MEMBRANOUS LABYRINTH OF THE CAPE GANNET 

Sula capensis 

The labyrinth of the cape gannet is amongst the largest 
of those found in birds. The whole organ measores 17,0 mm, 
from the uppermost point on the superior canal to the tip 
of the cochlea. 

The cochlea has a length of 6.0 mm. from the tip to the 
anterior margin of the oval window, and the diameter of 
the tube of the cochlea just in front of the oval window is 
2.0 mm. 

The vestibule measures 4.5 mm. in its longest diameter, 
and the major axis of the oval window has a length of 2.0 mm. 

The superior canal measures 7,0 mm, in internal, and 
9.5 mm. in external diameter. The height of the vertex 
of the canal above the vestibule is 8.5 mm., and the diameter 
of the canal itself at the vertex is rather less than 1.25 mm. 
The posterior canal measures 5.5 mm. in internal, and 8.0 mm. 
in external diameter. The height of the vertex of the canal 
above the vestibule is 4.0 mm. and the diameter of the 
canal itself at the vertex is 1.25 mm. The horizontal canal 
has internal and external diameters of 475 mm. and 7,25 mm, 
respectively. The height of the vertex of the canal above 
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the vestibule is 4.5 mm., and the diameter of the canal itself 
at the vertex is 1.25 mm. 

In all the canals the perilymph space is only moderately 
well marked, the bird being in this respect unlike the 
cormorant, to which it is nearly allied. The superior canal 
may be said to stand midway between the drooping and 
erect types, but inchnes rather to the former. The labyrinths 
of the two birds, the gannet and cormorant, agree in one 
noteworthy feature, and are thereby distinguished from 
those of most birds. There is no common crus to the superior 
and posterior canals, the three non-ampullary ends of all 
the canals opening together into the vestibule. This fact 
is interesting when it is remembered that there is a common 
crus in the night-heron, which belongs to the same order. It 
must be pointed out, however, that while the gannet and 
cormorant belong to the same sub-order, the night-heron 
does not. 

The horizontal canal in the gannet does not lie in one 
plane throughout, but is bent at its junction with the posterior 
canaL The ampullar of all the canals are triangular in section, 
and are, in this respect, not unlike those of the ostrich. The 
cristae acusticae are complex in their arrangement, but the 
division into three crests is very slightly marked. There is 
one otolith of moderately large size in the vestibule, and it 
is found in the usual place behind and internal to the openings 
of the ampulla of the superior and horizontal canals. 

The cochlea is almost straight and is of considerable 
length, but it will be seen that a relatively large portion of 
the organ is occupied by the lagena ; and at the tip there 




CICONIIFORMES 137 

is a bulging upwards and forwards. The cochlear nerve is 
of ordinary size where it leaves the stem of the auditory 
nerve, but very soon it undergoes a rapid contraction. The 
perilymph recess appears very small in the photograph, 
but a portion may have been broken off, and its shape and 
size cannot be reported. The aqueduct of the cochlea opens 
out of the internal superior angle of the perilymph recess. 
The tegmentum vasculosum is clearly present in the cochlea 
of the gannet, but is only moderately developed, the parallel 
venous spaces numbering only about eighteen or twenty. 
A minute otoUth is found in the lagena. 



PLATE XXIII 

THE LEFT MEMBRANOUS LABYRINTH OF THE CORMORANT 
Phalacrocorax carbo 

X 4 J 

The organ is suspended by the two limbs of the posterior canal and 
is rotated counter-clockwise, so that the horizontal canal is almost in a 
vertical position. The object is seen from the outer aspect and below. 
All the canals are rather irregular in outline, and the perilymph space 
is large. The superior canal is of the drooping t3^e. Though the 
posterior limbs of the superior and horizontal canals come very close 
together there is no actual channel of communication between them. 
The cochlea is fairly thick in proportion to its length. The oval 
window is seen near the vestibular end of the cochlea. The perilymph 
recess is broken, but a portion of it may be seen. The large lagena 
is shown clearly with the nerves spreading out to the neuro-epithelium 
on which lie the otoliths in a saddle-shaped pattern. 
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THE MEMBRANOUS LABYRINTH OF THE CORMORANT 
Phaiacrocarax car^ 

Although the cormorant belongs to the same order as the 
gannet there are some points of difference between the 
labyrinths of the two birds. That of the cormorant is less 
regular in shape, and the superior canal is more markedly 
of the drooping type. There are, moreover, other differences, 
some of which have already been described (see p. 136), 

The whole organ measures 13.5 mm. in its longest diameter 
from the vertex of the superior canal to the tip of the cochlea. 
The cochlea measures 4.5 mm* from the front of the oval 
window to the tip, and the diameter of the tube just in 
front of the oval window is 2.0 mm. 

The vestibule has a breadth of 3.0 mm. in its longest 
diameter, and the major axis of the oval window is 175 mm. 
in length. A comparatively small otolith is present in the 
vestibule in the usual position, just behind and internal to the 
openings of the ampullae of the superior and horizontal 
canals. 

The superior canal measures 5.0 mm, in internal, and 
7,5 mm. in external diameter. The height of the vertex of 
the canal above the vestibule is 4.0 mm., and the diameter 
of the canal at the vertex is 1.5 mm. The posterior canal 



PLATE XXIV 

THE LEFT MEMBRANOUS LABYRINTH OF THE NIGHT-HERON 
Nycticarax griseus 

X 4 circa 

The organ is suspended by the superior canal and is viewed from 
behind and from the inner aspect. The perilymph space is well marked in 
all the canals. The superior canal inclines to the drooping type, and there 
is no communication between the posterior limbs of the superior and 
horizontal canals. The common eras of the posterior and superior 
canals is very short. A flat triangular otolith (dark) is seen on the 
floor of the utricle. The cochlea is relatively thick and is bulbous 
at the extremity. The perilymph recess is large and oval in shape, 
and haemorrhages may be seen in its walls. The aqueduct of the 
cochlea curves upwards on the posterior surface of the perilymph recess. 
The position of the aqueduct of the vestibule is indicated by a small 
irregular mass of pigment immediately below and in front of the 
common crus of the superior and posterior canals. 
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THE MEMBRANOUS LABYRINTH OF THE NIGHT-HERON 
Nyciicorax gHseus 

The labyrinth of the night-heron measures 13,0 mm, in its 
greatest length from the vertex of the superior canal to the 
tip of the cochlea. The length of the cochlea from the front 
of the oval window to the tip is 4<o mm., and the diameter 
of the cochlea at the level of the oval window is 1.5 mm. 

The vestibule measures 3.5 mm. in its longest diameter, 
and the major axis of the oval window is rather more than 
1.5 mm. in length. A flat triangular otohth is present on 
the floor of the utricle about the middle, and lies in the 
horizontal plane. A small collection of pigment is present 
in the vestibule, or rather along the aqueduct. 

The superior canal is regularly curved and is of the drooping 
type* It measures 5.0 mm, in internal, and 7,0 mm. in ex- 
ternal diameter. The height of the vertex of the canal above 
the vestibule is 5.5 mm., and the diameter of the canal at the 
vertex is i.o mm. The internal and external diameters of 
the posterior canal are 3.75 mm. and 5.25 mm. respectively. 
The height of the vertex of the canal above the vestibule is 
3.5 mm,, and the diameter of the canal at the vertex is i.o mm, 
Tlie horizontal canal measures 4.5 mm, in internal, and 
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6.0 mm. in external diameter. The height of the vertex of 
the canal above the vestibule is 3.5 mm., and the diameter 
of the canal at the vertex is i.o mm. The cristae acusticse in 
the ampullae are simple. 

The posterior limb of the superior canal does not descend 
very low, and there is therefore no contact between the 
superior and horizontal canals in this region. The usual 
communication between the horizontal and posterior canals 
is present. Each of the canals lies in its own plane throughout, 
and the perilymph space is well marked. 

The perilymph recess is comparatively large and is oval in 
shape. A small twig from the nerve to the posterior ampulla 
crosses over to the perilymph recess at its most external 
point. The aqueduct of the cochlea arises from the posterior 
surface of the perilymph recess and, curving upwards and 
outwards in contact with that cavity, opens within the cranium 
at the level of, and just behind the middle of the posterior 
surface of the cochlea. The cochlea is slightly bulbous at 
the extremity, and the lagena is large and spade-shaped. 

The tegmentum vasculosum is moderately developed, 
the parallel venous spaces numbering about twenty-seven. 



II. 



10 



PLATE XXV 

THE LEFT MEMBRANOUS LABYRINTH OF THE COMMON DUCK 

Anas hoscas 

X 5J 

The organ is suspended by the horizontal canal and is rotated 
clockwise very considerably. It is viewed from above and behind. 
The superior canal is of a marked drooping type and is broken at the 
vertex ; it is elliptical in shape. The perilymph space is not very large 
in the canals, and there is no commimication between the posterior 
limbs of the horizontal and superior canals, but the usual communi- 
cation between the horizontal and posterior canals is present. The 
cochlea is fairly well curved and is slightly bulbous at the extremity. 
The peril3anph recess is fairly large and is oval in shape. The teg- 
mentum vasculosum is well seen, and it will be observed that it extends 
into the lagena. 
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ANSERIFORMES 

THE MEMBRANOUS LABYRINTH OF THE COMMON DUCK 

Anas boscas 

The common duck may be taken as a good example of the 
order of anseriformes. 

The superior canal is of a marked drooping type, and the 
cochlea is moderately well developed. 

The whole organ measures ii.o mm. from the uppermost 
point on the vertex of the superior canal to the tip of the 
cochlea. The cochlea has a length of 4.0 mm. from the 
tip to the anterior margin of the oval window, and the 
diameter of the organ opposite the oval window is 1.75 mm. 

The vestibule measures 4.5 mm. in its longest diameter. 
The length of the major axis of the oval window was not 
taken. 

The superior canal has internal and external diameters of 
3.0 mm. and 4.5 mm. respectively. The height of the vertex 
of the canal above the vestibule is 6.0 mm., and the diameter 
of the canal itself at the vertex is i.o mm. The posterior 
canal measures 3.5 mm. in internal, and 5.0 mm. in external 
diameter. The height of the vertex of the canal above the 
vestibule is 4.0 mm., and the diameter of the canal itself at 
the vertex is i.o mm. The horizontal canal measures 3.5 mm. 
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FALCONIFORMES 

THE MEMBRANOUS LABYRINTH OF THE COMMON BUZZARD 

Buteo vulgaris 

The labyrinth of the buzzard is large in proportion to the 
size of the bird owing to the relatively great development 
of the semicircular canals. 

The whole organ measures 15.5 mm. in its longest diameter 
from the vertex of the superior canal to the tip of the cochlea. 
The cochlea measures 4.5 mm. in length from the front of the 
oval window to the tip, and the diameter opposite the 
oval window is 2.0 mm. 

The vestibule measures 4.5 mm. in its longest diameter, 
and the major axis of the oval window is 2.0 mm. in length. 
A large otolith is found in the utricle immediately behind 
and internal to the ampullae of the superior and horizontal 
canals. The otoHth is flat and lies almost in the horizontal 
plane. 

The superior canal measures 5.25 mm. in internal, and 
7.25 mm. in external diameter. The height of the vertex 
above the vestibule is 7.25 mm., and the diameter of the 
canal itself at the vertex is 1.5 mm. 

The posterior canal measures 6.0 mm. in internal, and 
9.0 mm. in external diameter. Thus, at first sight, it would 
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ANSERIFORMES 

THE MEMBRANOUS LABYRINTH OF THE COMMON DUCK 

Afias boscas 

The common duck may be taken as a good example of the 
order of anseri formes. 

The superior canal is of a marked drooping type, and the 
cochlea is moderately well developed. 

The whole organ measures ii.o mm. from the uppermost 
point on the vertex of the superior canal to the tip of the 
cochlea. The cochlea has a length of 4.0 mm, from the 
tip to the anterior margin of the oval window, and the 
diameter of the organ opposite the oval window is 175 mm. 

The vestibule measures 4.5 mm, in its longest diameter. 
The length of the major axis of the oval window was not 
taken. 

The superior canal has internal and external diameters of 
3.0 mm. and 4.5 mm. respectively. The height of the vertex 
of the canal above the vestibule is 6.0 mm.^ and the diameter 
of the canal itself at the vertex is i.o mm. The posterior 
canal measures 3.5 mm. in internal, and 5.0 mm. in external 
diameter. The height of the vertex of the canal above the 
vestibule is 4.0 mm., and the diameter of the canal itself at 
the vertex is i.o mm. The horizontal canal measures 3.5 mm. 
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in internal, and 5.0 mm. in external diameter. The height 
of the vertex of the canal above the vestibule is 3.0 mm., and 
the diameter of the canal itself at the vertex is i.o mm. 

The superior canal of the duck, as already noted, is of a 
very marked drooping type. This canal is also in the form of a 
narrow ellipse, as may be seen from the photograph, and, 
as is usually the case in this type, the posterior Umb of the 
canal does not come far down ; hence there is no communica- 
tion between the posterior limb of this canal and that of 
the horizontal. There is, of course, the usual communication 
between the posterior and horizontal canals. The perilymph 
space is present in all the canals to a moderate extent, and 
the ampullae are almost hemispherical in shape. The cristae 
acusticae of the ampullae are simple. A comparatively small 
otolith is found in the vestibule, in the usual position, 
immediately behind and internal to the ampullae of the hori- 
zontal and superior canals. 

The cochlea is of moderate length and is fairly well-curved. 
The perilymph recess is large, and, when viewed from above, 
is oval in shape ; the aqueduct of the cochlea runs upwards 
along its posterior border rather further out than is usually 
the case. The lagena is saddle-shaped and there are a 
few otoliths scattered along its innermost portion. The 
tegmentum vasculosum is well-developed in the duck, and 
may be seen in the photograph right up into the lagena. 

Pigment is not found in quantity sufficient to be recognised 
by the naked eye. 

LiiKRATURK. — Huschke, Zc?r. cit, Ebner^ Ber. d. nahtnvisscnsc/i.-meJ, Venin 
in Iiifisbruck^ drittu Jahrgang, 1872. Rctzius, Op. cit. 



PLATE XXVI 

THE RIGHT MEMBRANOUS LABYRINTH OF THE COMMON BUZZARD 

Buteo vulgaris 

X 4 J 

The organ is suspended by the superior canal and is viewed from the 
inner aspect and behind. The superior canal is of the erect type and the 
perilymph space is well developed in the canals. The ampullae are 
relatively large, and it will be noticed that the cristae acusticae are 
complex, as described in the text. The horizontal canal has the 
usual communication with the posterior canal, and in addition has a 
conmiimication with the superior canal near the posterior termination 
of the latter. The otolith of the vestibule is comparatively large 
and appears as a dark irregular mass internal to and behind the am- 
pullae of the superior and horizontal canals. The cochlea is of moderate 
size, and the perilymph recess is oval in shape, with the aquaeductus 
cochleae curving upwards over its inner wall. A vein is seen coming 
from the heHcotrema, curving over the upper surface of the cochlea, 
passing over to the perilymph recess and leaving the labyrinth at the 
same spot as the aquaeductus cochleae. This vein corresponds to that 
which is found in mammals leaving the cochlea along with the aquae- 
ductus cochleae (vol. i. Plate ii.). A small collection of otoliths is 
seen in the lagena. 
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FALCONIFORMES 

THE MEMBRANOUS LABYRINTH OF THE COMMON BUZZARD 

But€0 vulgaris 

The labyrinth of the buzzard is large in proportion to the 
size of the bird owing to the relatively great development 
of the semicircular canals. 

The whole organ measures 15.5 mm. in its longest diameter 
from the vertex of the superior canal to the tip of the cochlea. 
The cochlea measures 4.5 mm, in length from the front of the 
oval window to the tip, and the diameter opposite the 
oval window is 2,0 mm. 

The vestibule measures 4.5 mm. in its longest diameter^ 
and the major axis of the oval window is 2.0 mm. in length. 
A large otolith is found in the utricle immediately behind 
and internal to the ampulla of the superior and horizontal 
canals. The otolith is flat and lies almost in the horizontal 
plane. 

The superior canal measures 5.25 mm. in internal, and 
7.25 mm. in external diameter. The height of the vertex 
above the vestibule is 7.25 mm., and the diameter of the 
canal itself at the vertex is 1.5 mm. 

The posterior canal measures 6.0 mm. in internal, and 
9.0 mm. in external diameter. Thus^ at first sight, it would 
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appear that the posterior is larger than the superior canal, 
but in reality this is not so, since the height of the vertex of 
the canal above the vestibule is only 4.5 mm. The diameter 
of the canal at the vertex is 1.5 mm. The horizontal canal 
measures 7.0 mm. in internal, and 9.5 mm. in external 
diameter. The height of the vertex of the canal above the 
vestibule is 4.5 mm., and the diameter of the canal at the 
vertex is 1.5 mm. Thus the superior is the largest of the 
canals, and the posterior the smallest; but the differences 
in size of the three canals are less than is usual among 
birds. The superior canal is of the erect t5^e, and the 
anterior superior curve of that canal is almost angular. 
The perilymph space is well marked in all the canals. The 
horizontal canal has two communications with the others. 
One of these is the usual one about its middle with the 
posterior canal, and the second is the much less common 
channel between the posterior limbs of the superior and 
horizontal canals. As is nearly always the case when this 
opening exists, the posterior limb of the superior canal 
reaches a low level, and is actually turning upwards again 
before it joins the posterior canal to form the common crus. 

The ampullae are relatively very large, and the cristae 
acusticae are complex. 

The cochlea of the buzzard is relatively small, and the 
same is true of the perilymph recess, which is elliptical in 
shape. There are two little tongue-like projections at the 
tip of the cochlea and a few small otoliths are found in the 
lagena. 

The ductus perilymphaticus opens out of the lower part 
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of the internal posterior wall of the perilymph recess and, 
curving upwards in close contact with that cavity, opens 
into the cranial cavity a fraction of a millimetre behind the 
middle of the posterior wall of the cochlea. 

Pigment is not present in the labyrinth of the buzzard, 
at least in sufficient quantity to be recognised by the naked 
eye. 

The labyrinth of the sparrowhawk was also examined, 
but it differs so httle from that of the buzzard that no 
description need be given. The measurements are found in 
Table II. 

Literature. — Huschke, Loc, cii, Deiters, Arch, f, Anai., Physiolog, u, 
wisstnsch, Med, i860. Retzius, Op, ciL 



PLATE XXVII 

THE LEFT MEMBRANOUS LABYRINTH OF THE GREAT TINAMOU 
Rhynchotut rufescens 

X 4i 

The organ is suspended by the superior canal and is viewed from 
behind. The perilymph space in all the canals is very well marked. 
The superior canal is of the drooping type, but is not elliptical in shape. 
There is the usual channel of commimication between the posterior 
and horizontal canals. There is no common limb to the posterior 
and superior canals, the non-ampullary ends of all the canals opening 
into the vestibule close together. A pigmented nerve twig is seen 
passing from the ampulla of the posterior canal to the perilymph 
recess. The cochlea is relatively small and a band of scattered pig- 
ment runs along its upper surface. The perilymph recess is very 
large, is roughly pyramidal in shape and its walls contain a large 
amoimt of pigment. 
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TINAMIFORMES 

THE MEMBRANOUS LABYRINTH OF THE GREAT TINAMOU 

Rhynchotus rufescens 

Anatomists have found difficulty in assigning to this order 
its true relationship to other orders of birds, some considering 
it to be allied to the ratitae, while others, among whom is 
Gadow, look upon it as an order with affinities to the 
gallinaceous birds. So far as the labyrinth is concerned, it 
must be admitted that the organ is rather more like that of 
the ratitae than the gallinaceous birds. In both orders the 
superior canal is of the drooping type, but the ellipse formed 
by the canal in the tinamou is much more like those in the 
ostrich and apteryx than those in the domestic fowl and the 
grouse. One feature, however, the tinamou has in common 
with the galliformes, that being the commimication between 
the posterior and horizontal canals, a characteristic which 
is wanting in the ostrich and the apteryx. But even this 
evidence of relationship between the tinamous and the 
galUnaceous birds is considerably weakened by the fact that 
this communication between the two canals is also found in the 
rhea, which is undoubtedly a ratite bird ; and it is of further 
interest to note that the rhea and the tinamou are confined 
to the southern parts of the New World. The rich deposit 
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of pigment in the labyrinth of the tinamou also may have a 
certain bearing upon the relationship of this order with the 
ratitae, although it must be remembered that in the apteryx 
pigment is very scanty. 

The labyrinth of the tinamou measures 9.5 mm. from the 
tip of the cochlea to the vertex of the superior canal. The 
cochlea has a length of 2.5 mm. from the front of the oval 
window to the tip, and the diameter of the organ opposite 
the oval window is 1.5 mm. 

The diameter of the vestibtUe is 2.5 mm., and the major 
axis of the oval window has a length of i.o mm. 

The superior canal measures 3.75 mm. in internal, and 
5.25 mm. in external diameter. The height of the vertex of 
the canal above the vestibule is 5.5 mm., and the diameter of 
the canal itself at the vertex is rather less than i.o mm. 
The posterior canal has internal and external diameters of 
3.0 mm. and 4.5 mm. respectively. The height of the vertex 
of the canal above the vestibule is 2.75 mm., and the diameter 
of the canal itself at the vertex is 1.0 mm. The horizontal 
canal measures 3.5 mm. in internal, and 5.25 mm. in external 
diameter. The height of the vertex of the canal above the 
vestibule is 2.75 mm., and the diameter of the canal at the 
vertex is 1.0 mm. 

The superior canal is of the drooping type, but the elhpse 
formed by the canal is not a narrow one. The posterior limb 
of the superior canal reaches low, but not sufficiently so to 
form a communication with the horizontal canal. The usual 
communication between the posterior and horizontal canals 
is present. The non-ampuUary ends of the three canals 
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open into the vestibule together, in a manner similar to that 
which is found in the gannet. The perilymph space is very 
well marked in all the canals, and the ampullBe are rather 
large ; but the cristae acusticse are simple, there being only one 
crest on that portion of the neuro*epithelium w^hich hes on 
the floor of the ampulla. The nerve to the posterior ampulla 
gives off a small twig w^hich passes across to the perilymph 
recess, as is the case in many birds. There is pigment on 
this twig similar to that which is found in the same structure 
in the ostrich. A small otolith is present in the utricle. 

The cochlea of the tinamou is rather small, but is relatively 
larger than those of the ostrich and rhea, and is rather more 
sharply curved. The perilymph recess is unlike those of 
other birds, being pear-shaped. It is, moreover, thickly 
covered with black pigment, such as is found in the ostrich 
and, to a less extent, in the rhea. The aqueduct of the cochlea 
is extremely narrow and short, leaving the perilymph recess 
at the inner and upper extremity of the latter, and opening 
almost immediately into the cranial cavity. It is similar 
to that of the ostrich and common fowl, in that it is relatively 
small and does not curve over the posterior wall of the 
perilymph recess, as is commonly the case in birds. A 
band of scattered pigment is present on tlie upper wall of 
the cochlea, and towards the tip of the organ this band 
passes over to the anterior border. A small otohth is found 
in the lagena. 

The tegmentum vasculosum is present in the tinamou, 
but the number of parallel venous spaces is small, numbering 
about fifteen. 



PLATE XXVIII 

THE RIGHT MEMBRANOUS LABYRINTH OF THE COMMON FOWL 
Callus domesluus 

X 5 ca. 

The organ, viewed from the inner aspect, is suspended by the 
superior canal and is rotated counter-clockwise to an extent of nearly 
60"", so that the horizontal canal lies in a plane passing downwards and 
to the left. The superior canal is of a pronounced drooping type and 
its ellipse is narrow. The perilymph space is smaller in this labyrinth 
than in that of any other bird. The cristae of the ampullae are simple. 
The inner portion of the shaft of the columella may be seen as a short 
rod to the left of the beginning of the cochlea, and, if it be traced 
towards the latter, the disc-shaped footplate may be seen fitting into 
the oval window. The lagena is of moderate size and roimded at the 
end. On the posterior and inferior aspect of the cochlea is the peri- 
lymph recess and from the inner and upper comer of this cavity the 
aqueduct of the cochlea may be seen leaving it in a manner similar 
to that of the ostrich, tinamou and thrush. 
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GALLIFORxMES 

THE MEMBRANOUS LABYRINTH OF THE COMMON FOWL 

Callus donustian 

The domestic fowl belongs to the group of birds in which 
the labyrinth is possessed of a drooping type of superior 
canal. 

The whole lab^Tinth measures 12.5 mm. in extreme length 
from the vertex of the superior canal to the tip of the cochlea. 
The cochlea measures rather more than 3.75 mm. in length 
from the tip to the anterior margin of the oval window, and 
the diameter of the tube of the cochlea opposite the oval 
window is 1.5 mm. Thus the organ is somewhat narrow. 

The vestibule measures 3,5 mm, in its longest diameter, and 
a rather large flat otohth is present in the utricle immediately 
internal to and behind the openings of the superior and 
horizontal ampullae. 

The superior canal measures 3.75 mm. in internal, and 
4.5 mm. in external diameter. The height of the vertex of 
the canal above the vestibule is 6.25 mm., and the diameter 
of the canal at the vertex is rather less than i.o mm. The 
posterior canal has internal and external diameters of 4.0 mm. 
and 5.0 mm. respectively. The height of the vertex of the 
canal above the vestibule is rather more than 3.5 mm., and 
the diameter of the canal itself at the vertex is i.o mm. The 
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horizontal canal measures 4.75 mm. in internal, and 6.0 mm. 
in external diameter. The height of the vertex of the canal 
above the vestibule is rather more than 3.5 mm., and the 
diameter of the canal itself at the vertex is i.o mm. 

The superior canal is of a marked drooping type, and the 
ellipse formed by the canal is narrow and regular in outline. 
The perilymph space is not at all well marked in the canals 
and is nearly obliterated at one portion of the superior canal. 
The cristae acusticae of the ampullae are simple : that is to say, 
there is only one crest in the neuro-epithelium on the floor 
of the ampulla. 

The cochlea is rather short but is well-curved, and the 
tip is roimded. A saddle-shaped otolith is present in the 
lagena. The perilymph recess is oval when viewed from 
above and within, and it receives a twig from the nerve to 
the posterior ampulla. The aqueduct of the cochlea arises 
at the upper and inner extremity of the perilymph recess, 
and after a very short course opens into the cranial cavity 
immediately behind the middle of the cochlea. It is a fine 
tube accompanied by a vein and resembles that of the ostrich, 
tinamou and thrush, in that it arises high up in the perilymph 
recess and is very short and narrow. 

The ampullae are only of moderate size, and, while there 
is the usual communication between the posterior and 
horizontal canals, there is none between the horizontal and 
superior canals. Pigment is not found in this labyrinth, at 
least in quantity sufficient to be discovered by the naked eye. 

LiTKRATURE. — Dcitcrs, Zoc, ciL i860. Hasse, De cochlea Avium, 1866. 
Ebncr, Ij)c, cit. 1872. Retzius, Op. cit. 



PLATE XXX 

THE LEFT MEMBRANOUS LABYRINTH OF THE CROWNED CRANE 

BaUarica pavonina 

The organ is suspended by the superior canal and is viewed from the 

inner aspect, and behind. The letters indicate the different structures. 

s. Superior canal. 

p. Posterior canal, 

c. c. Common crus of superior and posterior canals. 

H. Horizontal canal. 

A. s. Ampulla of superior canal. 

A. p. Ampulla of posterior canal. 

o. OtoUth.^ 

N. P. R. Nerve twig to perilymph recess. 

F. o. Fenestra ovalis. 

T. V. Tegmentum vasculosum, 

N. c. Nerve to cochlea, 

p. R. Periljonph recess. 

N. L. Nerve fibres radiating out to tlic lagena. 

L. Lagena. 



^ The line pointini; to the otohth in the photograph should be one niillimciie 
higher. 
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GRUIFORMES 

THE MEMBRANOUS LABYRINTH OF THE CROWNED CRANE 

Balearica pavonina 

The labyrinth of the crane is comparatively large, measuring 
15.0 mm. from the vertex of the superior canal to the tip of the 
cochlea. The cochlea has a length of 4.5 mm. from the tip 
to the anterior margin of the oval window. The diameter 
of the tube of the cochlea opposite the oval window is 
2.0 mm. 

The vestibule measures 3.5 mm. in its longest diameter, 
and the major axis of the oval window has a length of 1.5 mm. 
A small otolith is present in the utricle in the usual place 
immediately internal to and behind the openings of the 
ampullae of the superior and horizontal canals. 

The superior canal measures 6.0 mm. in internal, and 
8.0 mm. in external diameter. The height of the vertex 
of the canal above the vestibule is 6.5 mm., and the diameter 
of the canal itself at the vertex is 1.25 mm. The posterior 
canal has internal and external diameters of 4.75 mm. and 
6.5 mm. respectively. The height of the vertex of the canal 
above the vestibule is 3.25 mm., and the diameter of the 
canal itself at the vertex is rather more than i.o mm. The 
horizontal canal measures 4.5 mm. in internal, and 6.5 mm. in 
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external diameter. The height of the vertex of the canal 
above the vestibule is 3.0 mm., and the diameter of the 
canal itself at the vertex is i.o mm. 

The points of chief interest in the labyrinth of the crane 
are as follows. The superior canal is distinctly of the 
upright type, and the perilymph space is well marked in all 
the canals. Although this canal is of the erect type, the 
posterior Umb does not descend very far, so that there is 
no communication between it and the same Umb of the 
horizontal canal, as in the pigeon and the buzzard. The 
usual communication between the posterior and horizontal 
canals is present. The cristae acusticae of the ampullae are 
complex, there being three crests in that portion which lies 
on the floor of the ampulla. The fan-shaped structures on 
the lateral walls of the ampullae are not so well marked as 
in many birds, such as the buzzard, but the ampullae as a 
whole are fairly large. The nerve to the posterior ampulla 
gives off a small twig which passes across to the perilymph 
recess. 

The cochlea is of average dimensions, and the lagena 
forms a fairly large portion of the organ, but it is not noticeably 
bulbous. Three very small otoliths are to be seen in the 
lagena. The perilymph recess is rather large, and is oval when 
viewed from above and behind. A minute trace of pigment 
is present on the inner and upper wall of the perilymph recess. 

The tegmentum vasculosum is fairly well developed in the 
crane, the parallel venous channels numbering about thirty- 
five. 



PLATE XXXI 

THE RIGHT MEMBRANOUS LABYRINTH OF THE CROWNED PIGEON 

Coura coronata 

X 5 

The organ is suspended by the superior canal and is viewed from the 
inneraspect and behind; it is rotated counter-clockwise to a slight extent. 
The superior canal is of the upright type. There is a communication 
between the horizontal and superior, in addition to the usual one 
between the horizontal and posterior canals. The recessus utriculi is 
seen between the superior and horizontal ampullae with a flat otoHth 
lying on its floor. The cristt-E in the ampullae are complex. The cochlea 
is not very large, and in the lagena is a saddle-shaped otolith. The 
perilymph recess is large, and the aqueduct of the cochlea is seen 
rising from its inner wall and curving upwards for a short distance in 
contact with it. The horizontal canal dips slightly downwards 
about the middle. 
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CHARADRIIFORMES 

THE MEMBRANOUS LABYRINTH OF THE CROWNED PIGEON 

Gottra coronata 

The labyrinth of this order of birds shows similarity 
in many respects to that of the falconiformes, and still more 
to that of the passeriformes. Thus the superior canal is 
of the erect type, and there is a communication between the 
posterior limbs of the horizontal and superior canals — a 
pecuharity also found in the orders just mentioned. The 
cochlea is rather small, and the perilymph recess is almost 
identical in shape with that of the buzzard. Furthermore, 
the cristae acusticae in the ampullae are complex, possessing 
three crests, as in the falconiformes and passeriformes. Indeed, 
the labyrinths of these orders show far more similarity than 
exists in many cases between two species in many other orders. 
Thus, there is more likeness between the labyrinths of the 
buzzard and the pigeon than between those of the cormorant 
and the night-heron, though these two belong to the same 
order. 

The labyrinth of the crowned pigeon measures 13.0 mm. 
in extreme length from the vertex of the superior canal to 
the tip of the cochlea. The length of the cochlea from the 
tip to the front of the oval window is rather more than 
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4.5 mm., and the diameter of the tube of the cochlea opposite 
the oval window is 1.5 mm. 

The vestibule measures 3.5 mm. in its longest diameter, 
and the major axis of the oval window 1.5 mm. There are 
no otoliths in the ve stibul e of a size sufficient to be recognised 
by the unaided eye. 

The superior canal measures 5.25 mm. in internal, and 
7.5 mm. in external diameter. The height of the vertex of 
the canal above the vestibule is 6.75 mm., and the diameter 
of the canal itself at the vertex is i.o mm. The posterior 
canal has internal and external diameters of 4.0 mm. and 
6.5 mm. respectively. The height of the vertex of the canal 
above the vestibule is 3.5 nun., and the diameter of the canal 
itself at the vertex is i.o mm. The horizontal canal measures 
5.0 mm. in internal, and 7.0 mm. in external diameter. The 
height of the vertex of the canal above the vestibule is 
2.5 mm., and the diameter of the canal itself at the vertex 
is 1.0 nmi. 

The superior canal is distinctly of the upright type, 
being more pronounced in this respect than even that of the 
buzzard. As in the latter bird, there is a communication 
between the posterior limbs of the horizontal and superior 
canals, but in the pigeon the posterior limb of the superior 
canal does not come quite so low as in the buzzard. The 
superior is the largest and the posterior the smallest of the 
canals, and in all, the perilymph space is well marked. 
There is a slight curve downwards in the middle of the 
horizontal canal. 

The perilymph recess is fairly large and is oval when 
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viewed from above. The aqueduct of the cochlea leaves the 
perilymph space on the inner wall of the latter cavity, and is 
thus situated nearer to the cochlea than is usual in birds. 
It curves upwards and slightly backwards in close contact 
with the perilymph recess and opens into the cranial cavity a 
little distance behind the middle of the cochlea. 

The cochlea is rather small^ but this is owing to the com- 
paratively small lagena, the basilar portion being well 
developed and the parallel venous spaces of the tegmentum 
vasculosum being fairly numerous. A large saddle-shaped 
otolith is found in the lagena. 

Pigment is not present in the labyrinth in sufficient 
quantity to be seen by the unaided eye. 

Besides the labyrinth of the crowned pigeon, that of the 
rock, or domestic, pigeon was examined. It differed from 
that of the former only in the matter of size. 

LiTERATURE.^ — Huschke, L<K. at DeiterSi Lac. cit, Hasse, Lac. cit. Ebner, 
Loc, cit, Paul Meyer, Etudes hisiolog. sur k labyrintki tt plus SpSciaL sur k 
iimnfOH chtz Us reptiks tt ks otseaux, Strasburg, 1876. Retzius, Op, cit. 



PLATE XXXII 

THE LEFT MEMBRANOUS LABYRINTH OF THE SLENDER-BILLED 

COCKATOO 

Licmetis nasica 



The organ is suspended by the superior canal, but is rotated clock- 
wise and is viewed from the inner aspect and above. The perilymph 
space in the canals is not very well marked. The superior canal is of 
a pronoimced drooping type, and there is no channel of commimication 
between the superior and horizontal canals, but the usual communica- 
tion between the horizontal and posterior canals is present. The 
cochlea is relatively long and rather more curved than in many birds. 
The perilymph recess appears to be very small, but it is possible that a 
portion may have been broken off. 



PLATE XXXn 

THE tEFT ICEMBSAMOUS LABYKINTH OF THE SLENDER-BILLED 

COCKATOO 

LiemiHsmukm 

X 4 

The organ is suspended by the soperior canal, tynt is rotated clock- 
wise and is viewed from the inner aspect and above. The perifynqph 
space in the canals is not very well maiked. The superior canal is of 

a pronounced drooping type, and there is no channel of communication 
between the superior and horizontal canals, but the usual commimica- 
tion between the horizontal and posterior canals is present. The 
cochlea is relatively long and rather more curved than in many birds. 
The perilymph recess appears to be very small, but it is possible that a 
portion may have been broken off. 
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CUCULIFORMES 

THE MEMBRANOUS LABYRINTH OF THE SLENDER- 
BILLED COCKATOO 

Licmetis nasica 

The labyrinth of this representative of the parrot tribe 
of birds measures 11.5 mm. in length from the vertex of the 
superior canal to the tip of the cochlea. The length of the 
cochlea from the tip to the front of the oval window is 
5.0 mm., and the diameter of the tube at its beginning is 
2.0 mm. 

The vestibule measures 3.0 mm. in its longest diameter, 
and the major axis of the oval window has a length of 1.5 mm. 
No otoliths of a size sufficient to be recognised by the naked 
eye are present in the vestibule. 

The superior canal measures 4.5 mm. in internal, and 
6.5 mm. in external diameter. The height of the vertex of 
the canal above the vestibule is 3.75 mm., and the diameter 
of the canal at the vertex is 0.75 mm. The posterior canal 
has internal and external diameters of 4.5 mm. and 6.0 mm. 
respectively. The height of the vertex of the canal above 
the vestibule is 3.5 mm., and the diameter at the vertex is 
0.75 mm. The horizontal canal measures 4.5 mm. in internal, 
and 6.5 mm. in external diameter. The height of the vertex 
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of the canal above the vestibule is 2.75 mm., and the diameter 
at the vertex is 0.75 mm. 

The perilymph space in the canals is only of moderate 
size. The superior canal is distinctly of the drooping type, 
but it is different from that of other birds in respect to the 
fact that there is a very distinct angle at its highest point. 

The perilymph recess appears to be very small, but 
possibly a portion has been broken off in the specimen from 
which the photograph is taken. The course of the aqueduct 
of the cochlea could not be traced in the labyrinth of the 
cockatoo. 

The cochlea is relatively long, and the nerve to that 
organ is particularly large. The tegmentum vasculosum is 
well developed, the parallel venous spaces being numerous. 
Altogether the basilar portion of the cochlea appears to be 
well developed, though, perhaps, not to quite such an extent 
as in the thrush. The lagena is of moderate size, and there 
are no otoliths in it of a size sufficient to be recognised by 
the unaided eye. 

Pigment is not present in the labyrinth of the cockatoo in 
sufficient quantity, at any rate, to be recognised by the 
unaided eye. 

Literature. — Denker, Das Gthororgan u, Sprechwcrkzcuge d, Papageien. 
F. Bergmann, Wiesbaden, 1907. 
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PLATE XXXIII 

THE RIGHT MEMBRANOUS LABYRINTH OF THE BURROWING OWL 

Speotyto cunicularia 

X 4J 

The organ is suspended by the posterior canal and is viewed from 
below and in front. The veins in the canals are distended with 
blood. The perilymph space in the canals is fairly well marked. 
The horizontal canal has two communications in its course — the 
usual one about its middle with the posterior canal, and the other 
with the posterior limb of the superior canal ; the superior canal is 
inclined to the drooping type. The cochlea is proportionately long, 
and the perilymph recess is relatively rather small. 
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CORACIIFORMES 

THE MEMBRANOUS LABYRINTH OF THE BURROWING OWL 

Speotyio cunicularia 

The labyrinth of the burrowing owl is rather large relatively 
to the size of the bird. It measures 12.5 mm. from the most 
distant point on the vertex of the superior canal to the tip of 
the cochlea. 

The cochlea measures 5.25 mm. in length, and the diameter 
of the tube is 1.5 mm. at the beginning of the organ. 

The diameter of the vestibule is 3.5 mm. in its greatest 
breadth ; and the longest axis of the oval window is rather 
less than 1.75 mm. in length. 

The internal diameter of the superior canal is 6'0 mm. 
and the external 9.5 mm. The height of the vertex of the 
canal above the vestibule is 4.5 mm., and the diameter 
of the canal itself at the vertex is i.o mm. The internal 
diameter of the posterior canal is 4.5 mm., and the external 
diameter is 6.0 mm. The height of the vertex of the canal 
above the vestibule is 3.75 mm., and the diameter of the 
canal itself at the vertex is i.o mm. The horizontal canal 
measures 5.0 mm. in its internal, and 6.75 mm. in its external 
diameter. The height of the vertex of the canal above the 
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vestibule is 3.0 mm., and the diameter of the canal itself at 
the vertex is i.o mm. 

A large saddle-shaped otolith is present at the tip of the 
cochlea. There may be, and probably are, otoUths present 
in the vestibule, but if so they are too small to be visible to 
the naked eye. 

In its general appearance the labyrinth of the burrowing 
owl is a beautiful object, the curves of the organ being regular 
in outline. The superior canal is of the drooping type. 
The horizontal canal bulges outwards in that portion which 
lies in front of the posterior canal. There is a communication 
between the horizontal and posterior canals at the point 
at which they cross. 

As stated above, the superior canal is of the drooping 
type ; nevertheless its posterior limb comes so low down 
that it is in contact with the posterior Umb of the horizontal 
canal at one point, and a communication between the two 
occurs. In this respect, therefore, the labyrinth is similar 
to those of the buzzard and pigeon, but in these two birds 
the superior canal is of the upright type. Thus the owl 
is unique in respect to the fact that, although this canal is 
of the drooping type, the communication referred to is present. 
It is interesting to note that, in his drawing and descrip- 
tion of the labyrinth of the eagle owl (Bubo innavus), Retzius 
does not figure this communication between the superior and 
horizontal canals. It is, therefore, either absent in that 
particular genus, or the description given by Retzius is 
incorrect. The latter alternative is highly improbable in the 
case of such an accurate observer. The ampullae are fairly 
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large in proportion to the size of the labyrinth and the cristae 
acusticae are complex, there being three crests in that portion 
of the neuro-epithelium which occupies the floor of the 
ampulla. 

The cochlea possesses a curve which is more marked than 
in the majority of the birds, and the organ is, on the whole, 
long and thin relatively to the size of the labyrinth. In this 
respect it agrees with those of the cockatoo and thrush. 
While the cochlea as a whole is long, the portion assigned 
to the lagena is small, and the heUcotrema is relatively near 
the tip of the organ, the portion occupied by the basilar 
membrane being correspondingly long. The perilymph 
recess is rather small, and somewhat flattened from behind 
forwards. The tip of the cochlea is not bulbous. 

Literature. — Breschet, Richerches anaiom. et physiology sur Porgane de 
r audition chez Us oiseaux^ Paris, 1836. Huschke, Loc, cit Deiters, Loc, cit, 
Retzius, Op, cii. 



PLATE XXXIV 

THE RIGHT MEMBRANOUS LABYRINTH OF THE CARRION CROW 

Corz'us coropie 

The organ is suspended by the superior canal and is viewed from 
the outer aspect. The letters indicate the structures. 

s. Superior canal. 

p. Posterior canal. 

A. p. Ampulla of posterior ciuial. 

o. Otolith. 

A. H. Ampulla of horizontal canal, 

s. V. Beginning of scala vestibuli. 

F. o. Fenestra ovalis. 

A. c. Aqueduct of cochlea, 

p. R. Perilymph recess. 

F. R. Fenestra rotunda. 

L. Lagena. 
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PLATE SXXV 
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X 5 

Tii60iyuiif viciwIiwwtttliftiiiiityMpcctylHJiiii^ ' 

.The cristgaCTtiicgof Iheainpqlhg aie awqpIeK, HieeodileaisialliQr 
Aort, Init ifait ii dtie in hqse pot to fbe vciy d^ The 

poiitloii of Ihe hdkobaui if fakficated tay Ihe vm irtuch passes 
throqfl^ it to Hie posterior portion ol tiie eoddea and Iben on to tiie 
peritymph recess. The latter cavity is nni^U{r oval in shape idien 
seen in this position, and from its posterior upper surface the aqueduct 
of the cochlea may be seen as a fairly wide tube curving upwards and 
forwards. There is no indication of any nerve twig passing from the 
posterior ampullary nerve to the perilymph recess. The macula 
neglecta, with the small nerve suppl)dng it, is seen inunediately in 
front of the posterior ampulla. 
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PASSERIFORMES 

THE MEMBRANOUS LABYRINTH OF THE CARRION CROW 

Corvus corone 

Considered as a whole the labyrinth of the carrion crow 
presents a high degree of development. This is particulariy 
noticeable in the cochlea in which the lagena is relatively 
small. 

The labyrinth measures 13.0 mm. in extreme length 
from the vertex of the superior canal to the tip of the cochlea. 
The cochlea has a length of 3.5 mm. from the front of the oval 
window to the tip, and the diameter of the tube at its beginning 
is 1.5 mm. 

The longest diameter of the vestibule is 3.5 mm. and the 
major axis of the oval window is 1.75 mm. in length. A long 
fiat otolith is found in the utricle, with its anterior extremity 
projecting into the ampulla of the horizontal canal. The 
otoUth is constricted at the junction of its outer and middle 
thirds. 

The superior canal measures 5.75 mm. in internal, and 
7.0 mm. in external diameter. The height of the vertex 
of the canal above the vestibule is 6.5 mm., and the diameter 
of the canal itself at the vertex is i.o mm. The posterior 
canal has internal and external diameters of 4.75 mm. and 
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window occupies the lower portion of the external wall of 
the perilymph recess, and is almost immediately below the 
oval window. It is much smaller than the latter. The tip 
of the cochlea is bulbous when seen from within, and a minute 
otoHth is found in the anterior portion of the lagena. As 
stated above, the lagena is small in comparison with the 
rest of the cochlea, and the heUcotrema is nearer the tip of 
the organ than is usually the case. 

Pigment is not found in the labyrinth in quantity sufficient 
to be recognised by the naked eye. 

Literature. — Deiters, Loc. cit. Hasse, Op. cit 
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6.5 mm. respectively. The height of the vertex of the canal 
above the vestibule is 3.0 mm., and the diameter of the canal 
itself at the vertex is i.o mm. The horizontal canal measures 
6.5 mm. in internal, and 8.0 mm. in external diameter. The 
height of the vertex of the canal above the vestibule is 4.5 mm., 
and the diameter of the canal itself at the vertex is i.o mm. 

In all three canals the perilymph space is well marked. 
The superior canal is of the upright type and its posterior 
limb descends low, so that it comes in contact with the 
posterior hmb of the horizontal canal ; and at this point there 
is a communication between the two. One of the most 
curious features of this labyrinth is the large size of the 
horizontal canal. It is actually larger than the suj>erior 
canal, this being the only avian labyrinth in which such a 
relationship exists. The posterior is the smallest of the 
canals. The horizontal canal is slightly undulating in outline, 
and the portion in front of the point of communication with 
the posterior canal is relatively large. 

The cristas acusticae in the ampullae are complex, but 
the ampullae, though fairly large, are proportionately smaller 
than in the buzzard. 

The perilymph recess is of moderate size, and is oval 
when viewed from above and within. The aqueduct of the 
cochlea opens out of the inner posterior extremity of the 
cavity, and, curving upwards, forwards and outwards, has 
its outlet behind and above the middle of the posterior 
surface of the cochlea. The perilymph recess does not 
receive a twig from the nerve to the posterior ampulla such as 
is usually found in llic labyiiulh of birds. The round 
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window occupies the lower portion of the external wall of 
the perilymph recess, and is almost immediately below the 
oval window. It is much smaller than the latter. The tip 
of the cochlea is bulbous when seen from within, and a minute 
otoHth is found in the anterior portion of the lagena. As 
stated above, the lagena is small in comparison with the 
rest of the cochlea, and the hehcotrema is nearer the tip of 
the organ than is usually the case. 

Pigment is not found in the labyrinth in quantity sufficient 
to be recognised by the naked eye. 

Literature. — Deiters, Loc. cit, Hasse, Op, cit. 



PLATE XX3CVI 

THE KIGffT MEMBSAMOUS lABYXIlffTH OP THE SCMIG-THRUSH 

X 6 

Tl^pa^gan is viewed from alxyve and di^ Tliesiq[ierior 

canal is bmlDai just before its junctioii with tiie horifontaL In 

addition to the usual communication betweoi the horizontal and 
posterior canals there is a communication between the posterior hmbs 
of the superior and horizontal canals. The ampullae are large and 
almost hemispherical in shape. The recessus utricuU is large and 
contains a flat otohth. For description of cochlea see Plate XXXVII. 
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The organ is viewed from below* The very highly developed 
tegmentum vasculosum is seen along the whole course of tlie basilar 
portion of the cochlea, but does not pass into the lagena, the veins of 
this portion being in the form of a clump of intertwining vessels. In 
the lagena may be seen the well-marked crescent-shaped otolith. A 
large vein is seen passing through the helicotrema and bending sharply 
backwards towards the perilymph recess. The latter cavity is seen 
to be roughly oval, and the short aqueduct of the cochlea is seen at 
its inner posterior extremity. 

In the upper portion of the photograph the recessus utriculi is 
well shown with its flat translucent otolith. The cristae in the am- 
pullae are complex. 
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PASSERIFORMES 

THE MEMBRANOUS LABYRINTH OF THE SONG-THRUSH 

Turdus musicus 

Although the thrush belongs to the same order as the 
crow there are some noticeable differences in the appearances 
found in the labyrinth. These will be referred to after the 
measurements have been given. 

The whole labyrinth measures rather more than 8.5 mm. 
in its greatest length from the vertex of the superior canal 
to the tip of the cochlea. The length of the cochlea from 
the tip to a point immediately opposite the oval window 
is rather less than 3.5 mm., and the diameter of the cochlea 
at this point is i.o mm. 

The vestibule measures 2.25 mm. in its longest diameter, 
and the major axis of the oval window has a length of rather 
less than i.o mm. 

The superior canal has internal and external diameters of 
4.0 mm. and 5.0 mm. respectively. The height of the vertex 
of the canal above the vestibule is 4.0 mm., and the diameter 
of the canal itself at the vertex is 0.5 mm. The posterior canal 
measures 3.0 mm. in internal, and 4.25 mm. in external 
diameter. The height of the vertex of the canal above the 
vestibule is 2.75 mm., and the diameter of the canal itself at 
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the vertex is 0.5 mm. The horizontal canal has internal 
and external diameters of 4.0 mm. and rather more than 
475 mm. respectively. The height of the vertex of the canal 
above the vestibule is fully 2.5 mm., and the diameter of 
the canal at the vertex is 0.5 mm. 

The superior canal is distinctly of the upright type, 
and the posterior limb of the canal descends low in such a 
way that there is a communication between this canal and 
the horizontal, a condition not usual in birds, but found 
in the buzzard, the crow, the owl and some others. The 
usual communication between the posterior and horizontal 
canals is, of course, present. The perilymph space is present 
in all the canals and is well marked. As regards size the 
superior is the largest and the posterior the smallest, a relation- 
ship which is the usual one in birds, but not that which is found 
in the crow, in which the horizontal is the largest of the canals. 
The ampullae are rather large and the cristae acusticae are 
complex, having three crests in that portion which Hes on 
the floor of the ampulla. The fanlike structures on the 
lateral walls of the ampullae are also present. 

In the utricle the most interesting feature is a peculiar 
conical projection immediately behind the ampullae of the 
superior and horizontal canals. This structure is described 
by Retzius and termed the recessus utriculi ; being a diverti- 
culum from the utricle. There is a neuro-epithelium on its 
floor, which is supplied by a twig from the nerve to the 
superior and horizontal ampullae. In the thrush the recessus 
utriculi is more prominent than in any other bird which the 
writer has examined. 
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The cochlea of the thrush is well curved and relatively 
large ; indeed, with those of the owl and the cockatoo, 
it is proportionately the largest found among the birds 
examined. As is the case also in these birds the large size 
of the organ is owing entirely to the increased length of 
the basilar portion, the lagena not being proportionately 
any larger than in other birds. Further, the tegmentum 
vasculosum is very large, and the branching venous spaces, 
about fifty-eight in number, are more numerous than in any 
bird which has been examined. This indicates a particularly 
rich supply of blood to the basilar portion of the cochlea, 
and therefore great functional activity in that structure. 
It is interesting to note that the tegmentum vasculosum 
terminates at the inner extremity of the basilar portion of 
the cochlea, the veins of the lagena consisting of a mass of 
intertwining venules. This is different from the arrange- 
ment of the blood-vessels as found in the duck, in which the 
tegmentum vasculosum extends almost to the tip of the lagena. 

The perilymph recess is found in the usual place on the 
posterior and lower surface of the base of the cochlea. It is 
curious that Retzius does not refer to it in the thrush, for it 
is relatively as large as in other birds, and is also of interest 
for another reason. This is, that the aqueduct of the cochlea 
opens directly out of its upper, inner and posterior extremity, 
in a way similar to that found in the ostrich, the hen, and 
the tinamou. It is quite unlike that found in most birds, 
in which the channel begins at the lower and inner extremity 
of the perilymph recess and curves upwards in contact with it 
before opening into the cranial cavity, 
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labyrinths of the passeriformes, charadriiformes and, to a 
slightly less extent, the falconiformes. In all three the 
superior canal is of the upright type and there is a com- 
munication between the posterior limbs of that canal and the 
horizontal canal. In all three orders, moreover, the lagena 
is comparatively small, and the neuro-epithelium on the floor 
of the ampullae is complex. The aqueduct of the cochlea is 
similar in all except, curiously, in the case of the thrush among 
the passeriformes. In the falconiformes the superior canal 
is a Uttle different from that found in the other two orders 
mentioned. 

The order gruiformes has also the upright type of superior 
canal; but in this case there is no communication between 
the posterior limb of that and the horizontal canal. 

In all the remaining orders the superior canal is of the 
drooping type, though the canal itself varies in shape and 
in the extent to which it droops backward. In these 
orders, moreover, the lagena occupies a relatively larger, 
and the basilar portion a relatively smaller, part of the cochlea 
than in the passeriformes, charadriiformes and falconiformes ; 
and, on the whole, the tegmentum vasculosum reaches a 
greater degree of development in the last three orders than in 
the others. 

Between the galliformes and the tinamiformes there is 
this point of agreement, the aqueduct of the cochlea opens 
out of the inner and upper extremity of the perilymph recess, 
and the same is true of the ostrich. This feature, however, 
is also found in the thrush, so that it may not be of much 
value in deciding affinities. 
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The cuculiformes (slender-billed cockatoo) and the coracii- 
formes (burrowing owl) differ from other orders which have the 
drooping type of superior canal. In the latter of these two 
orders there is a communication between the posterior 
limbs of the horizontal and superior canals. 

The labyrinths of the ratit^e differ considerably from those 
of all other birds, and even among themselves there is not 
much similarity. It must be remembered, however^ that the 
term ratitae has a much wider significance than the names of 
the various orders in the carinate birds, so that it is not 
surprising to find considerable differences in the labyrinths 
of the ostrich, the rhea and the apteryx. 

As regards the cochlea, in all three the organ is short and 
relatively thick, these features being undoubtedly most 
pronounced in the ostrich. Indeed, the cochlea of the 
ostrich is obviously more primitive in type than that of either 
the rhea or apteryx, though in other respects the labyrinth 
of the last mentioned may be more primitive— for example, 
in regard to the very large otoMth, and the wide opening of 
the aqueduct of the vestibule. If the presence of a com- 
munication between the posterior and horizontal canals 
be evidence of more recent lineage, then in this respect the 
rhea is the least ancient of the three. 

In short, it may be suggested that the labyrinths of 
the ostrich and apteryx are more primitive in type than 
that of the rhea. But this, of course, does not mean that 
the relationship between the two former is necessarily closer ; 
indeed, it is probable that the reverse is the case. 
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REPTILES AND AMPHIBIA 

It is the intention of the writer, as stated in the introduc- 
tion in the first volume, to describe only very briefly the laby- 
rinths of the reptiles and amphibia. This is a matter not of 
choice only, but also of necessity. There is considerable 
difficulty in obtaining specimens belonging to these divisions 
of the animal kingdom of a size sufficient to be examined 
satisfactorily by the writer's method. Again, some of the 
animals belonging to these orders have a capsule of cartilage 
surrounding the labyrinth, and since the embedding media 
penetrates this cartilage, the preparation of the object is 
difficult and sometimes impossible. 

Careful and detailed examinations have been made of 
the labyrinths of reptiles and amphibia by previous anatomists, 
among whom may be mentioned Breschet, Deiters, Hasse, 
Meyer, Retzius, Coggi and others. But the organ varies so 
much in different orders of these divisions that the subject 
cannot be said to be by any means exhausted, and there is 
ample field for further work in estabUshing the differences 
which are to be found in various species. With respect to 
the cochlea, that large gap which exists between the com- 
paratively rudimentary organ in the tortoise, snake and 
lizard, and the well-developed tube which it forms in the 
aUigator should, if possible, be filled up. The writer has, to 
a certain extent, been able to do this by the discovery of 
a cochlea of intermediate dimensions in the teguixin. 



GENERAL REMARKS ON THE LABYRINTH 
OF THE REPTILES 

It is obvious at first sight that the labyrinth of the reptile 
is in general very different from that of the bird^ on the one 
hand^ and that of the mammal on the other. , Among the 
reptiles examined by the writer not a single one can. be 
said^ as far as the labyrinth is concerned^ to show any similarity 
to either of the divisions named^ bej^ond the fact that they 
aU possess three semicircular canals. Among the reptiles 
examined by other writers^ only in the case of the alligator 
can the labyrinth be said to present any outward similarity to 
that of the birds. Taking a typical reptilian labyrinth, 
such as that of the tortoise or the lizard, it will be seen that 
the canals are angular, the vestibule is very large, the otolith 
apparatus is extremely well developed, and the cochlea is 
particularly small. Thus the organ differs in every one of its 
three divisions from that of mammals and birds. It is true, 
of course, that in some matters of microscopic detail there 
is a certain amount of resemblance, but with that we are not 
concerned here. The fact remains that the typical reptilian 
labyrinth of present times is by no means so similar to that of 
the bird as many anatomists seem to think ; for the labyrinth 
of the alligator is very different from a typical reptilian one. 
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The organ may, in its typical form, be fairly accurately 
described as pyramidal in shape, the cochlea forming the 
apex of the pyramid. The cochlea itself is usually in the 
form of a cone, but in rare instances it is drawn out in 
the form of a tube as, for example, in the teguixin and the 
alligator. It is attached to the inner wall of the vestibule, 
and there is a noticeable constriction between it and the latter 
cavity. The aqueduct of the cochlea is depicted by Retzius 
as a wide tube, which, arising from the lower surface of the 
organ, curves round its posterior border and opens into the 
cranial cavity behind and above the cochlea. Its course, 
therefore, is not unlike that of the bird, but in the latter there 
is a well-marked perilymph recess from which the aqueduct 
opens, while in the reptile this space is not always present 
as a distinct cavity. The aqueduct of the cochlea is not 
seen in any of the photographs shown in these pages, except 
in that of the teguixin. 

The structures contained within the cochlea are so small 
in most reptiles that investigation by means of the microscope 
is necessary for the study of the minute details, and no 
description of the organ will be given beyond its general 
macroscopic appearance. 

The vestibule in the reptiles is usually the bulkiest portion 
of the labyrinth. It varies in shape from that of an irregular 
sphere to an equally irregular oval cavity. The otolith 
apparatus is large, and consists, not of a single crystal, or of 
a few crystals, as in many fishes, but of a collection of innumer- 
able minute crystals which are held together by a semi-gela- 
tinous capsule. In many reptiles the otolith apparatus 
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occupies the greater part of the vestibule, and in all it is 
relatively large* In the photograph of the giant tortoise it 
will be noticed that no otoliths are visible, but in this case 
their absence is due to the fact that the acid used in prepara- 
tion has obtained access to and dissolved them. 

The canals are distinguished from those of the birds, 
mammals and amphibians by their angularity and the com- 
parative straightness of their outline. In this respect, how- 
ever, exception must be made in the case of the horizontal 
canal, which has a curved outline as in the other divisions 
of the animal kingdom. It is interesting to note that, in the 
case of mammals in which angularities in the canals occur, 
such as the platypus and the sloth, the horizontal cajial 
remains curved. The ampullae of the canals do not appear, 
in general, to be so complex as those of the bird. The 
perilymph space is well marked in all the canals, and in no 
case hitherto examined has it been found obUterated at any 
part of the circumference. This condition is in keeping with 
that found in birds, but the reverse of tlie condition found 
usually among the mammalia. The canals themselves ar<^ 
not set in planes at right angles to one another, but aro^ 
frequently in planes which cut one another at angles of forty- 
five degrees. This fact is of importance when it is remembered 
that some physiologists have assumed that the planes of th 
canals are always at right angles to each other, and on tha^ 
ground, have supported various theories as to the function ol 
these organs. Such theories may or may not be correct 
but it is a mistake to attempt to support them by statement 
which are found to be erroneous when examint^d in the hglr 
of fact* 
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Pigment is usually present in the labyrinth of the reptiles, 
and in some cases, such as the gecko, it is extremely abundant. 
In the chelonia, however, it is not found, at least, in the two 
examples which have been examined— the giant tortoise 
and the salt-water terrapin. 

Before passing on to consider the labyrinths of individual 
reptiles, a small but interesting point in the comparative 
anatomy of the subject may be noted. It has been shown 
that in the vast majority of birds, and in very rare cases in the 
mammalia, there is a channel of communication between the 
posterior and horizontal canals in their course. In the 
reptiles this channel is usually present ; indeed, it is absent 
only in one labyrinth out of the six which have been examined, 
that exception being the gecko. The significance of this 
matter, both from the evolutionary and physiological points 
of view, is very obscure, and more data will be required before 
any satisfactory speculation can be made in regard to it. 
At present the facts may be stated briefly, as follows. The 
channel of communication is found in all birds that have 
been examined except the ostrich and the apteryx, both of 
which are ancient types. On the other hand, the channel is 
absent from all mammalian labyrinths except those of the 
common mole and a few of the polyprotodont marsupials, these 
also being ancient types. In the only two examples of the 
amphibia that have been examined the channel is present, 
but since neither of these — the toad or the frog^ — is of great 
antiquity, the fact may not have much significance from the 
phylogenetic point of view. 

As in the other portions of this work, the classification 
adopted by the writer is that drawn up by Gadow, 



PLATE XXXVIII 

THE RIGHT MEMBRANOUS LABYRINTH OF THE GIANT TORTOISE 

Tistndo gigantea 

X 5i ca. 

The organ is viewed from the inner aspect and slightly behind. It is 
rotated counter-clockwise to the extent of about 60**, so that the posterior 
canal is uppermost. The letters indicate the different structures. 
p. Posterior canal. 
A. p. Ampulla of posterior canal. 
c. c. Common cms of superior and posterior canals. 
N. p. Nerve to ampulla of posterior canal. 
H. Horizontal canal. 
N. p. R. Nerve to macula neglecta or to perilymph recess * (see text). 
A. v. Aqueduct of vestibule.^ 

s. Superior canal. 
N. H. Nerve to horizontal canal. 
M. L. Macula lagenae. 
M. u. Macula utricuh. 
M. B. Macula basilaris. 
A. s. Ampulla of superior canal. 



' The line opposite N. p. r. in the photograph should be continued one millimetre 
to the right. 

^ The line opposite A. v. should be continued one millimetre to the right. 
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CHELONIA 

THE MEMBRANOUS LABYRINTH OF THE GIANT TORTOISE 

Testudo gigantea 

The labyrinth of this reptile is not so large in proportion 
to the size of the animal, as might, on first consideration, 
be expected ; but it must be remembered that, as was remarked 
when describing the organ in the birds, the dimensions of the 
labyrinth bear a much closer relationship to the size of the 
head than to the size of the body. 

The labyrinth measures 9.5 mm. in its greatest diameter 
from the uppermost point on the superior canal to the tip 
of the cochlea, the latter being the lowest point of the organ. 
The diameter of the cochlea at its base where it is attached 
to the vestibule is 4.5 mm. The length of the cochlea from 
base to tip is 3.75 mm. 

The vestibule measures 6.0 mm. in its longest diameter, 
and the major axis of the oval window has a length of 2.75 mm. 
In all probabiUty otoliths are present in the vestibule, but 
in the example obtained by the writer these were not found, 
owing no doubt to the acid used in preparation having obtained 
access to them. The reason for supposing that otoliths are 
present in the vestibule of this animal is that they are found 
in the terrapin, and in all other reptiles that have been 
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examined. The aqueduct of the vestibule is a small straight 
tube which opens on the upper surface of the vestibule 
internal to the region at which the broad common cms of the 
superior and posterior canals opens into that ca\nty. The 
small intracranial opening is seen almost in the middle of the 
picture^ and from that point the aqueduct runs downwards 
and to the right, gradually widening out into the vestibule. 
It is very faintly seen in the photograph, but is visible if the 
light be brilliant- 

The superior canal measures 5,5 mm, in internal, and 
7.5 mm. in external diameter, the common limb of the superior 
and posterior canals being included in the measurements. 
The height of the vertex of the canal above the vestibule is 
i.o mm,, and the diameter of the canal itself at the vertex is 
2.0 mm. The posterior canal has internal and external 
diameters of 5,0 mm- and 8,5 mm. respectively, the common 
limb being included in the measurements. The height of 
the vertex of the canal above the vestibule is 1.5 mm., and 
the diameter of the canal itself at the vertex is rather more 
than 1.5 mm. The horizontal canal measures 5.75 mm. in 
internal, and 9.0 mm. in external diameter. The height of 
the vertex of the canal above the vestibule is i.o mm., and 
the diameter at the vertex is rather more than 1.5 mm. 

Pigment is not found in the labyrinth of the tortoise. 
The black streaks seen in the photograph are the result of an 
attempt to inject the arteries, which was made before the 
temporal bones were sent on for preparation. 

The distribution of the nerves is very well seen in the 
photograph. Before entering the labyrinth the auditory 
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nerve divides into two main portions — an outer one to supply 
the macula acustica of the utricle and the ampuUcC of the 
superior and horizontal canals^ and an inner one which supplies 
the saccule, the cochlea and the ampulla of the posterior canal. 
In the photograph Uie former of these is to the left, and the 
latter to the right. 

Immediately on entering the labyrinth the first branch 
divides into three portions^ one of these running to the 
ampulla of the superior canal, the second to the ampulla of the 
horizontal canal, and the third to the macula acustica of the 
utricle. In the photograph the first of these is seen furthest 
to the left, the branch to the horizontal ampulla is a httle 
longer and is seen to the right of the first, while the third 
branch passes outwards to the utricle ; this third branch 
appears to the reader to be receding, and is seen as a faint 
haziness in the middle of the lower portion of the picture, 

The second main division of the auditory nerve also 
breaks up, immediately on entering the labyrinth, into three 
branches. One of these is long and thin and runs to the 
ampulla of the posterior canal. It is very clearly seen in 
the photograph in the vertical position, but in its natural 
position it is almost in the horizontal plane. (In the photo- 
graph the labyrinth is rotated counter-clockwise to a con- 
siderable extent.) From the branch to the posterior ampulla 
there arises a small twdg w^hich passes over the posterior wall 
of the cochlea w^here the latter w^idens out into the vestibule. 
This twig is visible in the photograph a Uttle to the right 
of the nerve to the posterior ampulla, but its actual junction 
with this nerve is not seen^ as it has been broken in the 
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process of preparation. This Uttle twg from the ner\-e to the 
posterior ampiiUa is of considerable interest, for it undoubtedly 
corresponds to that which has been described by the ^Titer 
in the part referring to the labjTinth of the bird ; but in 
the bird the tmg passes to the peril>^ph recess (pile p. 105 
vol. ii.). The question as to whether this is to be regarded 
as the nerve referred to by Retzius, under the name 
of the branch to the macula neglecta, has already been 
discussed when describing it in the labyrinth of the bird. 
The same difficulty occurs in the case of the reptile, for the 
twig does not run the course which Retzius ascribes to the 
branch to the macula neglect a. At the same time the 
pr^ent wxiter has not been able to find any branch which 
corresponds to the latter, and it may be, therefore, that 
the nerves described are identical, and that an error has 
arisen as to the course which it runs. 

Another branch of the second division runs a very short 
course to supply the cochlea. This branch leaves the main 
division along with the nerve to the posterior ampulla, but 
immediately branches off from the latter, almost at right 
angles, and at once breaks up into numerous small bundles 
which terminate in the oval lagena. This branch is seen in the 
photograph running horizontally, but in the natural position 
it is almost vertical. 

The last branch of the second main division also breaks up 
immediately into numerous small bundles, and nms outwards 
to terminate in the macula basilaris. It is not very dis- 
tinctly seen in the photograph because it runs in a plane 
almost directly corresponding to the line of vision; but if 
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looked for carefully it will be seen a millimetre or so down- 
wards and to the left from the lagena. The macula basilaris 
corresponds to the whole of the cochlea of mammals, and to 
the basilar portion of that organ in birds. 

Literature. — Hasse, Ana/. Studien^ Hft. ii. No. 7, 1871. Kuhn, Arch,f, 
Mikroscop, Anat, Bd. xx. S. 271, 1881. Retzius, Op, cit, vol. ii. S. 18. 
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PLATE XXXIX 

THE LEFT MEMBEAKO0S LABYKIKTH OF THB MOOEISH GECKO 



The organ is rotated counter-clockwise to the extent of 90*, m^ 
that the ampulla of the superior canal is almost at the top, and that 
of the horizontal canal immediately below and to the left of it* The 
deposit of pigment is so great that very httle of the stmctures can be 
seen. The coclxlea is seen as a cone-shaped structure to the right, and 
the ampulla of the posterior canal is immediately below it> It will 
be seen, at the lowest part of the photograph, that the posterior limb 
of the horizontal canal passes under the posterior canal wthout any 
channel of communication. The lab>Tinth differs from those of other 
reptiles in this respect. 
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GECKONID^ 
THE MEMBRANOUS LABYRINTH OF THE MOORISH GECKO 

Tarentola mauretanica 

The most noticeable feature of the labyrinth of the gecko 
is the great abundance of pigment which is scattered through- 
out the whole organ, preventing a satisfactory view of the other 
structures. 

The labyrinth is small, measuring only 3.0 mm. in length 
from the uppermost point on the superior canal to the tip 
of the cochlea. The diameter of the cochlea at its junction 
with the vestibule is 1.25 mm. in length, and the length 
of the organ from the same point to the tip is rather less 
than 1.5 mm., thus the organ may be said to form a broad 
based cone. 

The vestibule is roughly cone-shaped, with the apex of the 
cone reaching almost to the junction of the superior and 
posterior canals. It measures 2.5 mm. in its greatest diameter, 
but owing to the thick deposit of pigment it is impossible to 
say whether the cavity contains any otoliths, or indeed, 
to give any details of the structures within. 

The superior canal measures rather less than 2.75 mm. 
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in internal, and rather more than 3.0 mm. in external dia- 
meter. The height of the vertex above the vestibule is 
0.5 mm., and the diameter of the canal itself is rather less 
than 0.5 mm. The posterior canal measures i.o mm. in 
internal, and 2.0 mm. in external diameter. The height of 
the vertex above the vestibule is 0.25 mm., and the diameter 
of the canal is rather less than 0.5 mm. The horizontal 
canal measures 2.0 mm. in internal, and rather more than 
2.75 mm. in external diameter. The height of the vertex 
above the vestibule is less than 0.25 mm., and the diameter 
of the canal is 0.5 mm. 

As is almost always the case in reptiles the canals are 
angular, the superior being the most pronounced in this 
respect while the horizontal is the least so. As is the case in 
all reptiles, the perilymph space is well marked in the canals. 
The planes in which the canals lie do not cut one another at 
right angles, but at angles of approximately forty-five degrees. 
One curious feature about the labyrinth of some species 
of gecko is the communication which exists between that 
organ and the outside of the skull. Wiedersheim discovered 
this condition in Phyllodactylus europaeus, but Leydig had 
described the same structure four years previously in the 
embryo of Lacerta agilis. The former of these writers assumed 
that the channel was to be looked upon as the ductus endo- 
lymphaticus, while Leydig considered it to represent the 
channel which runs from the labyrinth to the outer surface 
of the skin in the selachian fishes. Both of these writers may 
be correct, for it is not yet definitely decided whether the 
chaniR'l found in these fishes represents the ductus cndo- 
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lymphaticus or not. In more recent times the subject has 
been discussed by Poli, Netto, Keibel, Alexander, Krause 
and others. 

In the species of gecko examined by the present writer 
this structure was not found, but it may have been broken 
in the course of preparation. 

Literature. — Leydig, Die in Deuischland iebtnden Arten der Saurier^ 
Tubingen, 1872. Wiedersheim, Der Aquaducius Vestibuli von Phyliodactylus 
europceus^ Morph. Jahrbuch, Bd. i. 1876. Poli, Arch, f, mikroscop, Anat 
Bd. xlviii. 1897. Peter, Arch, / Ohrenh, Bd. li. S. 126. Krause, Anat, 
Anzeiger^ Bd. xix. Nos. 3 and 4. 



PLATE XL 

THE LEFT MEMBRANOUS LABYRINTH OF THE BLACK-POINTED 

TEGUIXIX 

TufinamH: nigropututatui 

The organ is viewed from the inner aspect and is rotated coxinter- 
clockwise to the extent of 90"^, so that the ampulla of the superior canal 
is at the top, and that of the horizontal canal immediately below it. 
The ampulla of the posterior canal is at the lower right-hand comer. 
The large disc-shaped otolith mass is seen occupying the greater 
portion of the vestibule. From the upper surface of the vestibule 
a short, fine tube is seen which originally formed a bridge over to the 
sup^:rior ^.nnal at th'^: point indicat^jd by a small coni-ral projection on 
Wif: latt^T. This tubular bridge was broken in the course of preparation, 
but the <" orresponding structure may be seen in Plate XLII. The 
roclileais seen as a wide tube (to the left in the photograph), with the 
lagena at the distal end. There is a small beak-like process at the tip 
of the cochlea similar to that found in the ostrich. The collar which 
partially encirMes the neck of the ror hlea contains the peril\Tnph recess 
and the aqueduct of the cochl«:a, and it should be noted that scattered 
pigment granuNs are found here and over the adjacent portion of the 
((>>chl(.a; that is, in the same position as in the ostrich. 
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TEJIDiE 

THE MEMBRANOUS LABYRINTH OF THE BLACK- 
POINTED TEGUIXIN 

Tupinambis nigropunctatus 

The chief feature of the labyrinth of this American Uzard 
is the comparatively great development of the cochlea. In 
this respect the organ shows a distant approach to that of the 
crocodile. 

The organ measures 9.0 mm. from the uppermost point on 
the superior canal to the tip of the cochlea. The cochlea 
measures 1.5 mm. in diameter and 4.0 mm. in length, and 
there is a sharp point at the tip not unlike that which is 
found in the ostrich. The lagena is faintly seen near the 
tip of the cochlea. A few scattered granules of pigment 
are seen near the base of the cochlea, but the specimen from 
which the photograph was taken was too opaque to enable 
any further details within the organ to be identified. There 
is a collar encircling a portion of the neck of the cochlea, and 
in this lies the comparatively wide aqueduct of the cochlea 
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with its opening above and to the right of the ampnlla of the 
posterior canal. There are some scattered granules of pig- 
ment in this portion also of the organ. 

The vestibule is a large cavity almost spherical in shape. 
The otolith apparatus is large and disc-shaped, and lies in 
nearly the same plane as the superior canal. It consists 
of numerous minute crystals held together by a deUcate semi- 
gelatinous envelope. The oval window measures 1.5 nun. in 
its major axis. The aqueduct of the vestibule is probably 
present, but it cannot be identified in the photograph. 

The superior canal measures 5.5 mm. in internal, and 
7.5 mm. in external diameter. The height of the vertex 
above the vestibule is 1.5 mm., and the diameter of the canal 
is 0.75 mm. The posterior canal has internal and external 
diameters of 4.0 mm. and 5.75 nmi. respectively. It is in 
contact with the vestibule throughout its whole course, and 
its diameter is 0.75 mm. The horizontal canal measures 
4.25 mm. in internal, and 6.5 mm. in external diameter. It 
also is in contact with the vestibule throughout its whole 
course, and measures 0.75 mm. in diameter. 

The perilymph space is well marked in all the canals, and 
these, except the horizontal, are angular. No pigment is 
found either in the canals or the vestibule. 

In the labyrinth of the teguixin there remains to be 
mentioned a curious little structure w^hich has not before 
been described in any animal. It consists of a fine tube 
passing as a bridge from the upper surface of the vestibule 
to the middle of the superior canal. So far as can be 
ascertained this tube unites the cndolymph spaces of thcbc 
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two structures. In the specimen from which the photograph 
was taken the tube was broken, but the ends of it are clearly 
visible. It is interesting to note that this structure is also 
found in the labyrinth of the python (Plate XLII.), but not 
in that of the Uzard. 




PLATE XLI 

THE LEFT MEMBRANOUS LABYRINTH OF THE STUMP-TAILED LIZARD 

The organ is viewed from the outer aspect and is rotated clockwise 
to the extent of 90^, so that the ampulla of the superior canal is at 
the top and that of the horizontal canal immediately below it. The 
large vestibule contains tliree collections of otoliths indicated by the 
black patches. Pigment is scattered generally over the blunt cone- 
shaped cochlea and adjacent portion of the vestibule, and also over 
the superior canal near its junction with the posterior, at the left side 
of the photograph. The oval window is seen at the junction of the 
cochlea ^^ith the vestibule* 
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SCINCIDiE 

THE MEMBRANOUS LABYRINTH OF THE STUMP-TAILED 

LIZARD 

Trachysaurus rugosus 

The labyrinth of this Austrahan Hzard does not show 
such a high degree of development, so far as the cochlea is 
concerned, as does the teguixin. 

The labyrinth measures 7.5 mm. from the uppermost 
point on the superior canal to the tip of the cochlea. The 
cochlea^ which is in the shape of a blunt cone, has a diameter 
of 3.5 mm. at its base, and there are some scattered granules 
of pigment over the surface of the organ. There is a sharp 
cleft which separates the cochlea from the vestibule along 
the anterior margin of the former, but the preparation is not 
sufficiently transparent to permit of the contents of the 
cochlea being seen. 

The vestibule is a large cavity measuring 5.25 mm. in dia- 
meter, and is roughly spherical in shape, but with a few 
bulgings. The otohth apparatus is much more irregular in 
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its arrangement than in the teguixin or python, and consists 
of one main portion lying along the upper wall of the vestibule 
and several smaller collections which are scattered over the 
lower and inner walls. The oval window measures rather 
less than 2.0 mm. in its major axis. A few scattered granules 
of pigment are seen over the outer wall of the vestibule. 

The superior canal measures 5.5 mm. in internal, and 
7.5 mm. in external diameter. The height of the canal above 
the vestibule is rather more than 0.5 mm., and the diameter 
is i.o mm. The posterior canal has internal and external 
diameters of 4.0 mm. and 6.5 mm. respectively. The canal 
is in contact with the vestibule throughout, except at the 
point at which the horizontal canal intervenes, and the 
diameter is nearly i.o mm. The horizontal canal measures 
5.0 mm. in internal, and 7.0 mm. in external diameter. Its 
diameter is 0.75 mm., and it lies in contact with the vestibule 
throughout its whole course. The planes of the canals cut 
one another at angles of about forty-five degrees, and the 
perilymph space is well marked in all. A few scattered 
granules of pigment are found in the wall of the superior 
canal just before its junction with the posterior to form the 
common hmb. 

The superior and posterior canals are angular at their 
turning-points and slightly undulating in outline, but the 
horizontal canal is curved. There is a channel of communica- 
tion between the posterior and horizontal canals at the 
point at which they cross. 

Though in all probability the aqueducts of the vestibule 
and of the eoehlea are both present in the labyrinth of tlii> 
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reptile, they are not visible in the photograph, having 

apparently been broken off in the process of preparation. 

Literature. — Hasse, Anat, Studien^ Hft. iv. No. 19, 1873. Paul Meyer, 
Etudes histoiog, sur ie labyrinthe membraneux^ etc, Strasbourg, 1876. Retzius, 
Op, cit, vol. ii. S. 86, etc. 



PLATE XLII 

THE RIGHT MEMBRANOUS LABYRINTH OF THE WEST AFRICAN PYTHON 

Pytho seba 

The organ is viewed from the inner aspect and in front, and is rotated 
counter-clockwise to the extent of about 30**. At the right comer of the 
photograph is the ampulla of the superior canal, and that of the hori- 
zontal canal is immediately behind it. There is a communication 
between the upper surface of the vestibule and the middle of the 
superior canal similar to that found in the teguixin. The vestibule 
is very large, and projects downwards and outwards, this portion 
being termed the recessus labyrinthi. The otolith mass is large and 
disc-shaped. The small conical cochlea is seen in the lower right-hand 
comer of the photograph, and on its surface a very few scattered 
granules of pigment may be seen. 
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BOID^ 

THE MEMBRANOUS LABYRINTH OF THE WEST 
AFRICAN PYTHON 

Pytho seba 

In its general appearance the labyrinth of the python 
shows considerable similarity to those of the lizards just 
described. 

The organ measures 7.5 mm. from the uppermost point 
on the superior canal to the tip of the cochlea. The cochlea 
has a diameter of 3.5 mm. at its base, and there is a scattered 
deposit of pigment towards the apex of the organ. In shape 
the cochlea is that of a blunt cone. 

The vestibule is a large cavity roughly spherical in shape 
but flattened slightly from within outwards. The otolith 
apparatus is very large, and occupies the greater part of the 
vestibule. It lies almost in the sagittal plane, and is in the 
shape of an oval disc, the major axis of the ellipse being 
vertical. It consists of numerous minute crystals, held 
together by a very delicate semi-gelatinous membrane. The 
vestibule measures 5.5 mm. in its longest diameter, and the 
major axis of the oval window has a length of nearly 2.5 mm. 
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The superior canal has internal and external diameters of 
3,5 mm* and 6,0 mm. respectively. The height of the canal 
above the vestibule is 075 mm., and the diameter is also 
0,75 mm. The posterior canal measures 3.0 mm. in internal, 
and 5,5 mm, in external diameter. The height above the 
vestibule is 0.5 mm., and the diameter is 0.75 mm. The 
horizontal canal has internal and external diameters of 
3.75 mm. and 5.0 mm. respectively. The canal is in contact 
with the vestibule throughout its whole course, and its diameter 
is 0.75 mm. 

The horizontal canal is curved, but the other two canals 
are angular, the angles being acute. 

In the labyrinth of this snake there is found a Uttle 
tubular bridge passing from the upper surface of the vestibule 
to the middle of the superior canaL If examined carefully in 
a bright light it will be noticed that the Uttle tube is continued 
up through the perilymph space of the superior canal to the 
endolymph space. In this curious structure, therefore, we 
have a point of similarity between the labyrinth of the snake 
and that of the teguixin. 

Literature. — Kuhn, Z^v. a'/, Retzius, Op. a'/, vol. ii. S. 48. 




THE LABYRINTH OF THE AMPHIBIANS 

For the reasons stated previously, the writer has been 
compelled to limit the description of the labyrinth of the 
amphibians to two examples, and, unfortunately, these both 
belong to the anura. The reader must remember, therefore, 
that these descriptions are given rather with the object of 
demonstrating the organ in amphibians in order that it may 
be compared with those of the other divisions of the verte- 
brates. A much larger and more varied amount of material 
would be required to give even a fairly complete description 
of the labyrinth of amphibians, since the organ varies con- 
siderably in different species. Should the writer ever hav- 
an opportunity of obtaining this material, he may enter more 
fully into this portion of the subject at a later date. 
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The organ is %'iewed from above so that of the three canals the 

superior is seen to the right, the posterior to the left and the horizontal 

above. The letters indicate the different structures. 

R. L. Recessus labyrinthi (recessus utriculi). 

Horizontal canaL 

Ampulla of horizontal canal, 

Superior canal. 

Posterior canal. 

Utricle. 

Ampulla of superior canal. 

Otolith apparatus. 

Nerve to ampullae of superior and horizontal canals.^ 

Nerve to ampulla of posterior canal. 

Nerve to utricle. 

Common crus of superior and posterior canals. 



* The line opposite N. H. s. should be continued eight millimetres to the right. 
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PLATE XLIV 

THE lEFT MEMBlLiNOUS LAByRtKTH OF THE GIAKT TOAD 

Bmfoi 

x6 

The organ is viewed from behind, bdow and from the outer aq>ect. 
It 18 also rotated dodnnrise to the odent of alxm^ that the long 

tuhidar recesbis lalr|rrinthi duUdd be n^ailjr horixQnteL The laige 
black disc in the caitre is an ot<£th mass, and immediatdbjr below it, 
and also with a small otolith mass, is the racqnet-shaped macula 
, lagen^. Downwards and to the right of tiie latter, bot han% vi^Ue 
in the photograph, is the macula basilaris. To the right of the last 
named and curving towards the reader, the nerve to the posterior 
ampulla is clearly seen, as is also its goblet-shaped termination in 
the ampulla. The pear-shaped structure seen in the photograph 
beyond the ampulla of the posterior canal is the region of the macula 
neglecta. Small irregular collections of otoliths are seen as white 
masses in the vicinity of the larger and denser otolith mass mentioned 
above. No pigment is found in the labyrinth. 
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THE MEiMBRANOUS LABYRINTH OF THE 
GIANT TOAD 

Bufo marinus 

The labyrinth of the giant toad measures 8,0 mm. from 
the inner surface of the vestibule to the external termination 
of the recessus labyrinthi, that long and comparatively thick 
tube which passes from the vestibule outwards, under the 
horizontal canaL The longest diameter of the vestibule^ 
excluding the recessus labyrinthi, measures 5.0 mm. 

The superior canal measures 3.0 mm. in internal, and 
4,0 mm. in external diameter. Its wall is almost, if not 
quite, in contact with that of the vestibule throughout its 
whole course. The diameter of the canal itself at the vertex 
is i.o mm. The posterior canal has internal and external 
diameters of 2,5 mm, and 4,0 mm. respectively, and the 
diameter of the canal itself is i.o mm. Tliis canal also is in 
contact with the vestibule tlu"oughout its whole course. The 
horizontal canal measures 2.0 mm. in internal, and 4.0 mm. in 
external diameter, while the tube itself has a diameter of 
1.0 mm. The canal is not quite in contact with the vestibule 
throughout, but the space between is very small. 

The canals of the giant toad are small, thick and curved, 
thus presenting quite a different appcaiance from those of the 
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reptiles. The ampiillae are supplied with nerves, but the 
neuro - epithelium is not divided into the crests which 
characterise those of the birds and some of the reptiles. 
The perilymph space of the canals is large. 

The cochlea produces no prominence on the outer wall 
of the organ, but its rudiment is to be seen in the form of two 
maculae immediately below the nerve to the posterior ampullae. 
Of these the anterior is racquet-shaped, and on its upper surface 
there Ues a small collection of otoliths. This corresponds to 
the lagena of birds and reptiles. The posterior macula of 
the two just mentioned is much smaller, is circular in shape, 
and possesses no otolith ; it corresponds to the basilar portion 
of the cochlea in birds and reptiles, and to the whole of the 
cochlea in mammals. The macula neglecta is also found 
in the toad, and it is supplied by a twig from the nerve to the 
posterior ampulla, but this twig is not seen in the photo- 
graph. The branch to the posterior ampulla passes backward 
from the main division of the auditory nerve which divides 
just before entering the labyrinth. The other nerves, which 
supply the two anterior ampullae and the vestibule, run forward 
after leaving the main division, those to the ampullae being 
the anterior ones, while that to the utricle runs forward 
and outwards. The macula of the last-named is covered by the 
large otolith mass. 

Since the labyrinth of the giant toad has never been in- 
vestigated before, it is necessary to say a few words on the 
pecuUar development of the recessus labyrinthi and its real or 
apparent communication with the tissues on the outside 
of the skull. 
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It will be seen in the photograph that the endol5rmph space 
containing the otohth apparatus hes in large part under the 
horizontal canal. This portion is the recessus utriculi or laby- 
rinthi, and passing outwards from it is a long and fairly wide 
tube, which opens on the outside of the skull. Thus there 
appears to be a direct communication between the labyrinth 
and the outside of the skull quite independent of that found 
by Coggi in the toad and by Wiedersheim in the gecko, in 
both of which cases the ductus endolymphaticus is the 
channel by which the communication takes place. 

Were its existence not so startling this discovery of a new 
communication between the labyrinth and the outside of the 
skull might be merely recorded, but its very unexpectedness 
makes the writer view its existence as possibly doubtful. 
It is therefore necessary to consider whether any error in 
observation can have been made. The only error that can 
have arisen is that the tubular canal seen in the photograph 
may be the tympanic cavity. The absence of the columella 
does not exclude this possibihty, because it was removed 
before preparation. There is, of course, a w^all of membranous 
or cartilaginous tissue between the labyrinth and the 
tympanum, and no such wall can be seen in the photograph, 
the whole appearing on careful examination to be one con- 
tinuous tube. The only possible source of fallacy therefore 
is, that the wall separating the tympanum from the labyrinth 
is rendered invisible by the clearing agent in which the 
preparation floats. This explanation is very improbable, but, 
as stated above, every source of error must be excluded before 
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making the definite statement that a communication of 
the kind described does in reality exist. 

The point could of course be settled by the examination 
of a stained specimen, but unfortunately the giant toad is 
an animal difficult to procure. 

At present, therefore, it may be said that probably a 
communication exists between the labyrinth of the outside 
of the skull other than that found in the frog by Coggi, and in 
the gecko by Wiedersheim, but that further investigation is 
necessary to settle the point definitely. These remarks 
also apply to the same apparent communication which is found 
in the tigrine frog (v. p. 236). 

As has been remarked above, the otolith apparatus in 
amphibians, and it may be added, in reptiles also, consists 
of a granular mass of minute crystals held together by a 
semi-gelatinous envelope. It is therefore similar to that 
found in the dipnoidj and quite unlike that of the teleostean 
and most other fishes. These facts may have some phylo- 
genetic significance. In the otohth of the bird there is a 
distant resemblance to that of the teleostean fishes, in so far 
that the crystal is of a size quite sufficient to be recognised by 
the naked eye in many examples. The true significance 
of differences in the otolith apparatus cannot be determined 
until its function is more accurately ascertained, A careful 
study of the movements of the various animals, according to 
their rapidity, dehcacy and variety, may throw some light on 
the subject, 

LjTEtLitiJRE* — ^(See page 237.) 
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THE MEMBRANOUS LABYRINTH OF THE 
TIGRINE FROG 

Rana tigrina 

Although the giant toad and the tigrine frog both belong 
to the Anura, the labyrinths of tli€ two animals show some 
marked differences. 

The organ measures 7.0 mm. in length from the inner 
surface of the vestibule to the outermost point on the recessus 
labyrinthi. The longest diameter of the vestibule measures 
3.25 mm. 

The superior canal has internal and external diameters of 
2.0 mm. and 3.5 mm. respectively. The height of the canal 
above the vestibule is rather less than i.o mm., and the 
diameter of the canal itself is rather more than 0.5 mm. The 
posterior canal measures i.o mm. in internal, and 3.0 mm. 
in external diameter. The height of the canal above the 
vestibule is 1.0 mm., and the diameter of the tube is also 
1.0 mm. The horizontal canal has internal and external 
diameters of 2.5 mm. and 3.75 mm. respectively. The 
height of the canal above the vestibule is 1.0 mm., and the 
diameter of the tube is also 1.0 mm. 

The labyrinth of the tigrine frog is not quite so large 
as that of the giant toad, and the canals are perhaps rather 
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more regularly curved. In the frog, moreover, there are 
found scattered granules of pigment over the canals and a 
portion of the vestibule ; these are not present in the toad. 
In both animals there is a communication between the 
posterior limbs of the horizontal and posterior canals, a 
condition, it will be remembered, which is the most common 
in birds and reptiles, but very rare in the mammalia. The 
perilymph space is well marked in all the canals ; in this 
respect also the labyrinth of the amphibians agrees with 
that of the reptiles and the birds, and differs from the majority 
of the mammalia. Of the three canals the superior is the 
most angular, and it is of interest to observ^e that when 
angularity of the canals is found in the reptiles, birds, or 
mammals, it is the superior one which shows the condition 
most frequently and most noticeably ; the labyrinths of the 
'gecko, the apteryx, the platypus and the sloth, illustrate this. 
Perhaps the feature of most interest in the labyrinth 
of the frog, as also in that of the toad, is the large recessus 
labyrinth!, or recessus utriculi, as it is sometimes called. As in 
the case of the toad, the greater part of the labyrinth is taken 
up by this cavity, but in the frog it will be noticed that it is 
broader and ends in a rounded cul-de-sac. Its appearance 
is that of an irregular cone with the rounded apex directed 
outwards. A mass of minute otoUths is found in the cavity, 
but in the specimen from which the photograph was taken the 
minute crystals had escaped from their gelatinous envelope 
and become scattered to a certain extent. On the upper 
surface of the outer portion of the recessus labyrinthi a small 
opening may be seen if looked for carefully. This corre- 
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spends to the comparatively large one, which is seen in the * 
same position in the toad, and by its means there is apparently 
a communication with the outside of the cranium on the side 
of the neck. The question as to whether this communication 
is real or only apparent is discussed on page 231. 

In 1890 Coggi made the remarkable discovery that the 
endolymph space of the labyrinth of the frog extended far 
beyond the Umits which had previously been described. 
He found that the endolymph sacs of opposite sides are united 
behind the brain, and from this canal finer ones run back- 
wards above the spinal cord. From these finer canals another 
set pass outwards through the intervertebral foramina and 
terminate bUndly in sacs containing otoliths. For the 
demonstration of this system of canals special methods of 
preparation are necessary, but in Plate XLV. the endolymph 
aqueduct may be seen leaving the labyrinth on the left side 
of the photograph, and in Plate XLIV. it may also be seen, 
though less clearly, at the lowest part of the photograph. 

Literature. — Hasse, Zeitschr. /. wissenschftl. Zoolog. Bd. xviii. S. 72. 
Wiedersheim, Loc, cit, Retzius, Op. cit, vol. i. S. 187, 192. Coggi, Anatom. 
Anzeig, Bd. v. S. 177, 1890. Corning, Morph, Jahrbuch^ Bd. xxvii. 1899. 
Harrison, Internat Monthly /ourn, Anaf, vol. xix. p. 221, 1902. 
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Height of Horizontal Canal 

Diameter of Tube of HoriEontal Canal at Vertex 
Major Axis of Oval Window . . , . , 

Slant Height of Cochlea _ 

Xumber of Turns of Cochlea . . , , . 





^- - - ikiSA'-i^me. 






■ i " "i 




mtitm^t) 


wjl 


m^} 


t2.0 


1.00 


9.0 


s.oct 


6.0 


0*50 


4-0 


0-44 


3-5- 


OJ^ 


2.75 


0.30 


3-5 + 


0.29 


2-S 


0.28 


4.0 


o-il 


2-75 + 


ixso 


5-n 


a4S 


4-5 


0,50 


6-W + 


0.56 


5-25 


0.58 


6.0 


0-50 


4-25 


0-47 


0.5 


0.04 


05 


0.05 


4.3 


0-37 


3-0 


0.33 


6.0 


0-50 


4-0- 


0-44 


525 


0^3 


3-0 


0-33 


0.5 


0.04 


0.5 


0.05 


4.0 


0-33 


2.5 


0.28 


50 


041 


3-5- 


0.39 


375 


0,31 


2-5 


0.28 


0.5 


0.04 


0-5 


0.05 


2.0 


0.17 


i-5- 


0.16 


4.75 


0.39 


4.0- 


0.44 


23 


— 


31 


— 
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MAMMALIA. 



• 






MaRSUPIALIA— ftf/// 








MONOTREMATA. 


\ MMrsuiNal Mole 
^Jfoioryctis typhhps) 

\ 


Pouched Jerboa 

Mouse 

{^AfUeckifiomys 

lanigera) 


Pouched Mou.se 

{Sminthopsis 

larapinta) 


Brush-tailed 
Phascologale 
(Phas(el<>gatt 
ptnicillata) 


Short-nosed 

Bandicoot 

{PeranuUs obesula) 

mm. 


Duck-billed Platypus 

( Ornithorhyncus 

ancUinus) 


mm. 


mm. 




mm. 




1 
1 
min. 


mm. 




4.5 I.OO 


4-5 


I.OO 


4.0 


I.OO 


575 i-oo 


6.5 


I.OO 


10.25 


I.OO 


2.0 0.44 


2.0 


0.44 


2.0 


0.50 


3-0 0.52 


3.0 


0.46 


— 


— 


1.25 0.27 


1-5 


0.33 


1-25 


0.31 


2.0 0.34 


2.0 


0.31 


— 


— 


0.75+ 0.16 


I.O 


0.22 


1.0 


0.25 


1.5 0.26 


175 


0.26 


1.25 + 


0.12 


1.5+ 0.33 


2.0 


0.44 


175 ■ 


0.43 


2.5 0.43 


2.25 


0.34 


275- 


0.26 


1.75 0.38 


2.25 • 


0.50 


1-5 


0.37 


2.5 0.43 


3.0 


0.46 


3.0 


0.29 


2.5 0.55 


2.75 


0.60 


2.25 


0.56 


325 0.56 


4.0 


0.61 


4-5 


0.43 


1.75 0.38 


2.25 


0.50 


1-5 + 


0.37 


30 0.52 


30 


, 046 


275 + 


0.27 


0.25 + 0.05 


0.25 


0.05 


0.25- 


0.06 


0.5— 0.08 


0.25 + 


0.04 


0.5 


0.05 


1.25 0.27 


175 


0.38 


I.O 


0.25 


1.75 + 0.30 


2.0 


0.30 


275 


0.27 


2.0 0.44 


2.25 


0.50 


175 


0.43 


3-0 - 0.52 


3.0 


0.46 


3.5 ' 


0.34 


1-5 -I- 0.33 


175 


0.38 


1-25 


0.31 


2.25 0.39 


2.25 


0.34 


3.0 


0.29 


0.25 -f 0.05 


0.25- 


0.05 


0.25- 


0.06 


0.5— 0.08 


0.25 + 


0.04 


075 


0.07 


1.25 0.27 


1-5 


0.33 


I.O — 


0.25 


2.0 i 0.34 


2.0 


0.30 


2.5 


0.24 


2.0 0.44 


2.0 


0.44 


1-5 


0.37 


30- 0.52 


30 


0.46 


4.0 + 


0.39 


i.o-h 0.22 


1-5 


0.33 


1.25 


0.31 


2.0 ■ 0.34 


2.0— 


0.30 


2.0 


0.19 


0.25— 0.05 


0.25- 


0.05 


0.25- 


0.06 


0.5- ' 0.08 


0.25 + 


0.04 


075 + 


0.07 


0.5 O.II 


0.5 


O.II 


0.5- 


0.12 


1.0— 0.17 


1.0 


0.15 


1.5 


0.14 


1.25 0.27 


175 


0.38 


1-5 


0.37 


2.5 0.43 


275 


0.42 


« 


— 


r\ \ - 


1} 


— 


If 


— 


A 


2l- 


— 


i 


— 



^ In the platypus the cochlea hak a leiiglli of 3.0 mm. from the front ol the round window to the lip. 




Diametpr of Tube of Cochlea ia front of Oval 
Window *....•,, 



Longest diameter of Vestibule .... 

rntertial diameter of Superior Canal . 

External diameter of Superior Canal . 

Hdght of Superior Canal . , • , . 

Diameter of Tube of Superior Canal at Vertex * 

Internal diameter of Posterior Canal , 

External diameter of Posterior Canal , 

Height of Posterior Canal , < . , , 

Diameter of Tube of Posterior Canal at Vertex, 

Internal diameter of Horizontal Canal 

External diameter of Horizontal Canal 

Height of Horizontal Canal , . * . . 

Diameter of Tube of Horizontal Canal at Vertex 

Major Axis of Oval Window . * . . 

Length of Cochlea from Tip to front uf ()\;i 
Window .,...,,, 



Ostrich 
[Strulkia Matai) 


Rhea 


mm. 
18.0 


1. 00 


mm. 


— 


2-5 


0.14 


See 


text 


3.5 + 


0.19 


— 


— 


7-5 


0.43 


— 


— 


II.O 


0.61 


— 


— ■ 


9-5 


0-53 


— 


— 


1-5 -i- 


0.08 


— 


— 


5-5 


0.30 


— 





8.5 


047 


— 




3-5 


0,19 


■ — 


— 


1-5 


0.08 


— 


— 


4.0 f 


0,22 


— 


— 


8.5 


0.47 


— 


— 


4.0 


a,2a 


— 


— 


1.5 


0,08 


— 


— 


2.5 


0.14 


— 


— 


(j.o 


0-33 


^^ 


. ^ 
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AVES. 



Ratit^— f<W/. 



Aptcryx 
{ApUryx mantelli) 



COLYMBIFORMBS 



mm. 
10.5 



2.0 
4.0 

6.0- 

4.5 

I.O 

3.0 
4.5 

2.0 
1.0 

2.5 
4.0 

2.5 
1.0 
1.0 



I.OO 

0.19 
0.29 

0.38 
0.57 
0.43 

0.09 
0.29 

0.43 

0.19 
0.09 
0.24 

0.38 

0.24 
0.09 
0.09 



2.5+ 0.24 



Red-throated Diver 

(Colymbus 

septentrionalis) 


mm. 




13-0 


I.OO 


2.0 


0.15 


4-5 


0.35 


6.0 


0.46 


775 


0.60 


575 


0.44 


1.0 


0.08 


4.0 


0.31 


6.0 


0.46 


30 


0.23 


1.0 


0.08 


425 


0.33 


6.25 


0.48 


3-5 


0.27 


1.0 


0.08 


175 


0.13 


4-5 


0.35 



Cape Gannet 
{^Sula capensis) 



mm. 
17.0 



2.0 

4-5- 

7.0 
9-5 
8.5 
1.25- 

5-5 

8.0 

4.0 

1.25 

475 

725 

4.5 

1.25 

2.0 

6.0 



I.OO 

0.12 
0.26 
0.41 
0.56 
0.50 
0.07 
0.32 
0.47 
0.23 
0.07 
0.28 
0.42 
0.26 
0.07 
0.12 

o.;,5 



ClCONIIFORMBS 



Cormorant 
{Phalacrocorax carho) 



Night Heron 
(Nyciicorax griseus) 



mm. 
13.5 



2.0 
3.0 

7.5 
4.0 

1.5 
4.0 

6.25 

2.5 
1.25 

4.5 

^>.5 
3.0 

1.5 



I.OO 

0.15 

0.22 

0.37 
0.56 

0.30 
O.II 
0.30 
0.46 
0.19 
0.09 

0.33 
0.48 

0.22 
O.II 



1.75+ 0.13 



4.5 



o.;, ; 



mm. 
13.0 



1.5 
3.5 
50 
7.0 

1.0 

3.75 

5.25 

3.5 
1.0 

4-5 
6.0 

3.5 
1.0 

T.5 + 



I.OO 

0.12 
0.27 
0.38 

0.54 
0.42 
0.08 
0.29 
0.40 
0.27 
0.08 

0.35 
0.46 
0.27 
0.08 
0.12 




TABLE n~conL 



A K^lltl FORMES 



Fa LCDS I FORMES 



Extreme length of LabyTinth 

Diameter of Tube of Cochlea in front of Oval 
Window . . . , , 

Longest diameter of Vestibule 

Internal diameter of Superior Canal 

External diameter of Superior Canal 

Height of Superior Canal 

Diameter of Tube of Superior CanaJ at Vertex 

Internal diameter of Posterior Canal 

External diameter of Posterior Cana! 

Height of Posterior Canal 

Diameter of Tube of Posterior Canal at Vertex . 

Internal diameter of Horizontal Canal 

External diameter of Horizontal Canal 

Height of Homontal Canal 

Diameter of Tube of Horizontal Canal at Vertex 

Major Axis of Oval Window p . • . 

Length of Cochlea from Tip to front of Oval 
Window . • . * , 



Common Duck 



mm, 
II.O 



1-75 

4-25 

30 

4^5 

6.0 

1,0 

3o 

5^0 

4.0 

1*0 

5.0 

i.o 

4.0 



1,00 

0.16 
0,39 
0.27 
04T 

0-53 
0.09 
0,32 
045 
0.36 
0.09 
032 
045 

Op27 

0.09 

0.36 



common But/ard 
{B$tt£& vulgaris) 



mm, 

15-5 



2.0 

4-5 

5-33 

7-25 

7-25 

15 

6.0 

9.0 

4-5 

1-5 

7.0 

9-5 
4-5 
i-5 
2.0 

4-5 



1. 00 
0.13 

0-.14 
0-47 I 
o-4r ' 

0.09 

0-39 
0.5S 
0.29 
0.09 

0-45 
o.(>i 
0.29 
o.og 
o.ij 

0,2Q 
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Fa lcon I fo r m es — cont 


TiNAMI 


FORMES 




Galliformes 




Gruiformbs 


Sparrow 
{AccipiUr 


Hawk 
nisus) 


Great Tinamou 
(Rhynchotus ru/escens) 


Common Fowl 
(Callus dontisticus) 


Red Grouse 
{Lagopus scoticus) 

mm. 
lO.O I.OO 


Porphyrio 
{Porphyrio cahms) 


mm. 
10.5 


I.OO 


mm. 

9-5 


I.OO 


1 
mm. ; 

12.5 ' 


I.OO 


mm. 
12.0 


I.OO 


1.5 + 


0.14 


1-5 


0.16 


1.5 


0.12 


1.25 


0.13 


2.0 0.17 


3.0- 


0.29 


2-5 


0.26 

1 


3.5 


0.28 


30 


0.30 


4.0 . 0.33 


4.0 


0.38 


375 


0.39 


375 


0.30 


4.0 


0.40 


4.5+ 038 


5.0+ 1 


0.48 


525 


0.55 


4.5 


0.36 


5-5 


0.56 


6.0 0.50 


4-5 


0.43 


5-5 


0.58 


6.25 


0.50 


30 


0.30 


4-5 0.38 


LO- 


0.09 


1.0 — 


O.II 


1.0— 


0.08 


0.75 


0.08 


1.0 0.08 


SS + 


0.33 


30 


0.32 


4.0 


0.32 


30 


0.30 


40 0-33 


575 


0.55 


4-5 


0.47 


5.0+ I 


0.40 


425 


0.43 


5-5 0.46 


275 


0.26 


2.75 


0.29 


3.5 + 


0.28 


2.75 


0.28 


2.5 0.21 


I.O 


0.09 


1.0 


O.II 


I.O ,' 


0.08 


0-75 


0.08 


1.0 0.08 


5.0 


0.48 


3-5 


0.37 


475 


0.38 


3.25 


0.33 


375 0.31 


7.0 


0.67 


525 


0.55 


6.0 1 


0.48 


50 


0.50 


5.5 0.46 


2.25 


0.21 


2.75 


0.29 


3.5 + 


0.28 


2.25 


0.23 


275 0.23 


1.0 


0.09 


1.0 


O.II 


1.0 


0.08 


0.75 


0.08 


1.0 0.08 


1 
1.0 


0.09 


1.0 

! 


O.II 


— 


— 


1-5 ' 


0.15 


175 0.15 


4.0 


0.38 


275 . 


0.29 


i 
375+' 


0.30 


3-5 , 


0.35 


4.0 


0.33 1 
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TABLE 11.^ 





Groiformks-w^/. 


CHARADKIIf 


Extreme length of Labyrinth 


Crowned Crane 
(Balearica paoonina) 


Commofi Pi 


mm. 
15.0 


1. 00 


mm* 
II.O 




Diameter of Tube of Cochlea in front of Oval 
Window 


2.0 


0.13 


1.0 




Longest diameter of Vestibule 


3.5 


0.23 


2.5 




Internal diameter of Superior Canal .... 


6.0 


0.40 


4.5 


' 


External diameter of Superior Canal .... 


8.0 


0.53 


5.5 




Height of Superior Canal 


6.5 


0.43 


4.5 




Diameter of Tube of Superior Canal at Vertex . 


1.25 


0.08 


0-75 4- 




Internal diameter of Posterior Canal .... 


4.75 


0.32 


3.0 




External diameter of Posterior Canal .... 


6.5 


0.43 


4.5 




Height of Posterior Canal 


3.25 


0.22 


4.0 




Diameter of Tube of Posterior Canal at Vertex . 


1.0 + 


0.07 


1.0 + 




Internal diameter of Horizontal Canal 


4.5 


0.30 


3.25 


c 


External diameter of Horizontal Canal . . . 


6.5 


0.43 


5.0 





Height of Horizontal Canal 


3.0 


0.20 


3.0 





Diameter of Tube of Horizontal Canal at Vertex 


I.O 


0.07 


1.0 





Major Axis of Oval Window 


1.5 


O.IO 


— 


• 


Lonplh of Cochlea from Tip to front of Oval 
Window 


4.5 


1 


i 
3.5 
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AVES. 



C HA RAD R 1 1 FORM fiS— 


C[JCULIFORJI£& 


CORACIirOftME!) 




pAssetiroKMBs 




C0P§{, 


_ 












Cmwned Pigeon 


Slender-billed 


Burrowing Owl 
{Sftoiyto ^Uttuularia\ 


Carrion Crow 


SoDg'Thniah 
{Tm-dia muiutu\ 


mm. 




mm. 




mm. 




tnin* 




miTi. 




13.0* 


1,00 


II.5 


1.00 


12.5 + 


1,00 


13.0 


1.00 


8.3 + 


I.OO 


1^5 


ai2 


2*0 


0.17 


1.5 


0*12 


1-5 


0.13 i 


1,0 


0.12 


3.5 


0.27 


3.0 


o.z6 


3.5 


0.28 


35 


0.27 


2.25 


0.26 


5.^5 


0.40 


45 


0.39 


6.0 


048 


5-75 


0.44 


4.0 


0.49 


75 


0.58 


6.3 


0.57 


9-5 


076 


7.0 


0.54 


5.0 


0.59 


675 ^ 0,52 


375 


0.33 


4.5 


0.36 


6.5 


0.30 


4.0 


0.47 


1,0 


0.08 


0*75+ 0,06 


1.0 


0.08 


1.0 


0.08 


0.5 + 


0.06 


4,0 ' o.j6 


4^5 


0.39 


4-5 


0.36 


4-75 


0.37 


3-0 


0.35 


6.5 0*50 


6.0 1 0.52 


6.0 


04S 


6.5 


0.50 


4.23 


0.50 


3*5 027 


35 0.30 


5-75 


0.30 


30 


0.23 


2-75 


0.33 


1,0 o.oS 


075 , 0.06 


I.O 


ao8 


1.0 


0.08 


0.5 


0.06 


5-0 0,38 


4-5 j 0.39 


5-0 


040 


6.5 


0.50 


4.0 


0.47 


7.0 


'>'54 


^5 0.57 


6-75 


054 


8.a 


0.62 


4.75 + 


0.56 


2-S 


0,19 


2.75 J 0.24 


3.0 


0,24 


4-5 


<JJ3 


2-3 + 


Q.29 


I.O 


o,oS 


075 0,06 


1.0 


0.08 


1.0 


0.08 


0-5 


0.06 


1.5 0.12 

1 


1^5 0-13 

1 


175 


0.14 


1-75 


0.13 


1.0— 


0.12 


4.5 + 


0.J5 


5-0 


1 
0.4J 


525 


04« 


J-5 


0.27 


35- 


0.41 




Longest diameter of Vestibule 
Intemal diameter of Superior Canal 
External diameter of Superior Canal 
Height of Superior Canal 
Diameter of Tube of Superior Cana! 
Intemal diameter of Posterior Canal 
External diameter of Posterior Canal 
Height of Posterior Canal 
Diameter of Tube of Posterior Canal 
Intemal diameter of Horizontal Canal 
External diameter of Horizontal Canal 
Height of Horizontal Canal . 
Diameter of Tube of Horizontal Canal 
Major Axis of Oval Window 
Length of Cochlea from Tip to Base , 



(im5l Tortoise 


mm, 

95 


1. 00 


4.5 


0.47 


6.0 


o.6j 


5-5 


0.58 


7-5 


0.79 


I.O 


0.1 1 


2.a 


0.21 


5-0 


0.53 


8.5 


0.89 


1-5 


0.15 


1-5 + 


o.r6 


575 


0.51 


9.0 


0.95 


1.0 


O.ll 


1.5 + 


0.16 


2.75 


0.29 


3-75 + 


0.39 
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REPTILIA. 












Lacertilia. 




Ophidia. 


^'^ 




^ — ■ 


/^ 


^ 


Moorish Gecko 

(Tarentola 
mauretanica) 


Black-pointed 

Teguixin 

( Tupinambis 

nigropuHctatus) 


Stump-tailed Lizard 

(Trachysaupus 

rugotus) 


West African Python 
(Pylho uba) 

mm. 


t 
mm. 


mm. 


mm. 1 


3.0 1 I.OO 


9.0 1,00 


7.5 ' I.OO 


7-5 


I.OO 


1.25 0.41 


1.5 0.17 


3.5 ' 0.47 


3-5 


0.47 


2.5 0.83 


5.25 0.58 


5.25 0.70 


5-5 


0.73 


2.75 0.92 


5.5 0.61 


5.5 0.73 


3-5 


0.47 


3.0 I.OO 


7 5 0.83 


7.0 0.93 


6.0 


0.80 


0.5 0.17 


1.5 0.17 


0.5+ 0.07 


0.75 


O.IO 


0.5- 0.17 


0.75 + 0.08 


i.o 0.13 


0.75 


O.IO 


1.0 0.33 


4.0 0.44 


4.0 0.53 


30 


0.40 


2.0 - 0.67 


575 0.64 


6.5 0.87 


5-5 


0.73 


0.25 0.08 


contact — 


contact — 


0.5 


0.07 


0.5- 0.17 


0.75 0.08 


1.0- 0.13 


0-75 


O.IO 


2.0 0.67 


4.25 0.47 


5.0 0.67 


3-75 


0.50 


2.75 + 0.92 


6.5 0.72 


7.0 0.93 


50 


0.67 


0.25 - 0.08 


contact — 


contact — 


contact 


— 


0.5- 0.17 


0.75 0.08 


1.0- 0.13 


0.75 


O.IO 


— — 


1.5 0.17 


2.0 0.27 


2-5 


0.33 


1.5- 0.50 


4.0 0.44 


3.5 0.47 


30 


0.40 
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TABLE IV, 






AMPHIBIA, 






Anura. 




Extreme length of Lab>TmtJi 


Giant Tc«d 
Stifif mawiUMi) 


Tigiin 


E Frag 


8.0 


I.OO 


mm* 

7.0 


1,00 


Longest diameter of Vestibule 


5-0 


0.63 


3.25 


047 


Internal diameter of Superior Canal 


30 


0.3S 


2,0 


0.29 


External diameter of Superior Canal 


4*0 


0.50 


3-5 + 


0.5Q 


Height of Superior Canal 


— 


— 


1,0— 


0,14 


Diameter of Tube of Superior Canal 


i.o 


0.13 


0.5 + 


0.07 


Internal diameter of Posterior Canal 


2^5 


0,31 


I.O 


0.14 


Externa] diameter of Posterior Canal 


4.0 


0.50 


30 


0-43 


Height of Posterior Canal 


— 


_ 


1.0 


0.14 


Diameter of Tube of Posterior Canal , 


1,0 


0.13 


1,0 


0.14 


Internal diameter of Horizontal Canal 


2.0 


0.25 


25 


0.36 


External diameter of Horizontal CaoaJ 


4»o 


0.50 


3-75 


0-54 


Height of Horizontal Canal , 


— 1 


— ; 


1.0 


0.14 1 


Diameter of Tube of Horizontal Canal 


1,0 


0-13 


1,0 


0.14 
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